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(57) ABSTRACT

The subject matter of the invention is a process for preparing
an assembled chemical structure or a mixture of such struc-
tures, this structure having a phase partition, wherein the
phases are in particular of hydrophobic and hydrophilic
nature, such as a composite/synthetic particle or a liposome,
and being capable of generating an original fluorescence
spectrum. The subject matter of the invention is also said
assembled structures and mixture thereof and also the com-
positions or kit comprising same. The invention also relates to
the use of these assembled structures and mixture thereof, in
particular for medical imaging in vivo or for in vitro diagnosis
of'a pathological condition, but also for labelling a sample, an
object or a composition that is liquid, or for authentification
thereof. The invention also comprises the objects or liquids
labelled with the assembled structures, a mixture thereof or
with the compositions according to the invention.
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FIGURE 1A -1C
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FIGURE 2A-2B
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FIGURE 3A-3B
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FIGURE 9A - 9D
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FIGURE 10
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PROCESS FOR PREPARING A CHEMICAL
STRUCTURE HAVING A PHASE PARTITION,
CAPABLE OF GENERATING A SPECIFIC
FLUORESCENCE SPECTRUM AND USES
THEREOF

[0001] The subject matter of the invention is a process for
preparing in phase partition a fluorescent assembled chemical
structure, specific in that each phase of the partition solubi-
lises and physically separates fluorescent molecules into
separate compartments as for a particle or a liposome. The
invention also relates to said assembled structures and mix-
ture thereof as well as the compositions or kit comprising
same. The invention also relates to the use of said assembled
structures and mixture thereof; in particular for in vivo medi-
cal imaging or for in vitro pathology diagnosis, but also for
labelling a sample, an object or a liquid composition or for the
authentication thereof. The invention also comprises objects
or liquids labelled with the assembled structures, mixtures
thereof or by the compositions according to the invention.
[0002] Fluorescence is the property that certain bodies pos-
sess of emitting light after having absorbed photons of higher
energy. A fluorescent molecule (fluorophore or fluoro-
chrome) possesses the property of absorbing luminous
energy (excitation light) and returning it rapidly in the form of
fluorescent light (emission light). The light reemitted by the
excited molecule may be of same wavelength (resonance
fluorescence) or of higher wavelength (in liquid media) or
lower. This shift of the emission spectrum towards higher
wavelengths largely facilitates the separation and the detec-
tion of the fluorescence light. There exists a large choice of
organic, natural or synthetic (fluorescein) fluorochromes;
each fluorochrome being able to be characterised by its exci-
tation and emission spectra. Biological labelling for medical
diagnosis or imaging has widely developed the use of these
fluorescent molecules. Fluorescence microscopy is based on
the formation of an image by detection of this emitted light
(Huang B et al., 2009). Numerous labelling techniques are
used:

[0003] simple labelling takes place by affinity between a
fluorochrome and the molecule to be labelled,

[0004] immunolabelling, which involves an antibody
labelled with a fluorochrome,

[0005] the FISH technique, which serves to label nucle-
otide sequences,

[0006] the use of fusion proteins (typically GFP (for
green fluorescent protein) consists in introducing into
the cell to be observed a gene encoding a fluorescent
recombinant protein,

[0007] FLIP and FRAP consist in irradiating a zone in
which the fluorescence is going to disappear. These tech-
niques make it possible to study the scattering of the
labelled molecules,

[0008] FRET (Fluorescent Resonance Energy Transfer)
uses two fluorochromes, a donor that is going to transmit
its energy to another acceptor fluorochrome. It makes it
possible to study interactions between two molecules,

[0009] BRET (Bioluminescence Resonance Energy
Transfer) is a phenomenon similar to FRET with the
difference that the donor is bioluminescent (luciferase).

[0010] To highlight non-fluorescent substances or mol-
ecules in structures of living matter, it is possible to carry out
a direct labelling by said fluorochromes, such as for example
DAPI which labels DNA, but often the labelling is indirect, in
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other words the fluorescent molecule is itself attached to a
molecule that will reveal the searched for target such as spe-
cific antibodies for example.

[0011] Fluorescent molecules are also used in other appli-
cations, such as the labelling of an object, the labelling of an
ink, etc. They are powerful identification tools thanks to their
specific physical properties.

[0012] There exists however numerous limits to the use of
these fluorescent molecules. Their great instability for
example, and their photo-bleaching where the fluorochrome
loses said fluorescence properties. More recently, fluorescent
molecules have been used by mixing by encapsulation in
particles of polymer(s) (Forn g sek L and VétvickaV, 1986). A
new generation of fluorescent minerals (nanocrystals) often
known as “quantum dot”, very stable and with very low
photo-bleaching compared to preceding molecules, now
form part of a new generation of molecular labels (Sukha-
novaa et al., 2004). Many other applications have now been
developed such as LED (Light-Emitting Diode) for example
(Burroughes J H et al., 1990). However the present arsenal
does not yet enable all of the problems of labelling to be met.
[0013] Thus, novel labels capable of generating an original
fluorescence spectrum are still required.

[0014] This is precisely the subject matter of the present
invention.
[0015] The inventors have highlighted that it is possible to

combine in assembled structures in phase partition different
fluorescent molecules, the physical-chemical properties of
which do not enable their miscibility in a same solvent. Said
structures have separate compartments in which are distrib-
uted the fluorescent molecules combined according to their
miscibility, which has the effect of generating a resulting
specific and unexpected fluorescence, in particular in that said
resulting fluorescence is not the simple consequence of the
mixing of fluorescent molecules. These assembled structures
or a mixture of such structures are capable of generating a
specific and unexpected fluorescence spectrum. This effect
now being revealed, the process that is the subject matter of
the present invention makes it possible to obtain assembled
chemical structures in phase partition capable of generating
specific fluorescences such as composite particles or lipo-
somes enabling two reading levels:

[0016] either the combined reading of the two fluores-
cent molecules generating a unique reemission of fluo-
rescence; or

[0017] or when it involves for example particles, a sepa-
rate and simultaneous reading with a fluorescence spe-
cific to the shell or wall of the particle and a fluorescence
specific to the content. This leads to an enormous diver-
sity of labelling and possible combinations for the trace-
ability of objects.

[0018] Thus, under a first aspect, the subject matter of the
present invention is a process for preparing in partition phase
an assembled chemical structure capable of generating a spe-
cific fluorescence signal, said phase partition between a first
phase and a second phase not miscible together structuring a
first compartment and a second compartment, said compart-
ments not being miscible together, said process comprising
the following steps:

[0019] a)the preparation of said first phase and said second
phase not miscible with the first;

[0020] b) the formation of said assembled chemical struc-
ture having as consequence of the phase partition a first com-
partment and a second compartment not miscible together,
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[0021] characterised in that said first compartment contains
a composition comprising at least one miscible compound
capable of generating a fluorescence and said second com-
partment contains a composition comprising at least one mis-
cible compound capable of generating a fluorescence.
[0022] Under a particular aspect, the invention also com-
prises a process for preparing in partition phase an assembled
chemical structure having a compartmentation capable of
generating a specific fluorescence signal in partition phase,
said phase partition delimiting a first compartment and a
second compartment, said first compartment and said second
compartment not being miscible together, said process com-
prising the following steps:

[0023] a) the preparation of the first phase and the non-
miscible second phase; and

[0024] b) the formation of said assembled chemical struc-
ture having as consequence of the phase partition a first com-
partment and a second compartment not miscible together,
characterised in that said first compartment contains a com-
position comprising at least one compound miscible in said
first phase capable of generating a fluorescence and the sec-
ond compartment contains a composition comprising at least
one compound miscible in said second phase capable of gen-
erating a fluorescence, and in which process said first and
second phases have been mixed with a third phase containing
fluorescent compounds either for some miscible with the first
phase, or instead for others miscible with the second phase.
[0025] In the process according to the invention, at step a)
the preparation of said first phase and of said second phase
will be carried out by processes well known to those skilled in
the art as a function of the chemical structures chosen and the
assembled chemical structure in phase partition that it is
wished to obtain from said two chemical structures.

[0026] In general, said assembled chemical structure is
selected from an assembled structure in phase partition or
separation between at least two phases not miscible together.
[0027] As example of assembled chemical structure, but
without being limited thereto, one may cite the emulsion (in
particular water/oil or oil/water), structures assembled with
the aid of amphiphilic macromolecules, laminate films, gels,
liposomes or micro- or nanoparticles.

[0028] Amongemulsions, one may cite in particular emul-
sions of squalene-pluronic L.35-Phosphatidylcholine-surfac-
tant or instead lecithin-phospholipids-surfactant type (Wa-
trobska-Swietlikowska D and Sznitowska M, 2006). These
are mixtures proposed for the delivery of drugs of hydropho-
bic nature. A series of methods for obtaining emulsions are
proposed in the review of He C. X., He Z. G. and Gao J. Q.
Expert Opin Drug Deliv, April 7 (4): 445-60 (2010) Micro-
emulsions as drug delivery systems to improve the solubility
and the bioavailability of poorly water-soluble drugs.

[0029] Among amphiphilic macromolecules, one may cite
in particular amphiphilic macromolecules of sodium dodecyl
sulphate, poly(gamma-glutamic acid) (Akao T et al., 2010),
poly(propylenimine) dendrimer type (Chooi K W et al,
2010).

[0030] Among gels, one may cite in particular gels of
hydrogel type such as copolymers of alkyl(meth)acrylates
(Black I K et al., 2010) or copolymers of polyethylene-oxide
and ethylene-oxide (PEO-b-PPO) (Sakai T et al., 2010).
[0031] Among stratified films, one may cite in particular
laminate films of “scaffold” type, in other words stacked
layers, made of monolayers manufactured from inorganic
materials (Hench and Polak, 2002) such as calcium phosphate
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or organic materials such as natural or synthetic polymers ().
Among natural polymers, hydrogels based on biopolymers,
such as alginate and chitosan are widely recommended. There
are “Langmuir-Blodgett” films which consist in constructing
a monolayer film by the deposition of surfactant or
amphiphilic molecules, at an air/water interface. This mono-
layer is then transferred onto a solid support by soaking it in
the sub-phase. The adsorption is based on hydrophilic/hydro-
phobic type interactions. A second immersion of the slide
leads to the adsorption of a second layer then repeated several
times in succession. There is also the manufacture of multi-
layer films by the use of polycations (Hoogeveen et al., 1996).
[0032] A good number of techniques for obtaining these
laminate films are described by H. Mjahed H. (PhD thesis,
University of Strasbourg. Defended in October 2009. “Car-
actérisation physico-chimique des films multicouches de
polyélectrolytes a base de polysaccharides et de polypeptides
en vue d’applications dans le domaine des biomatériaux”
(Physical-chemical characterisation of multilayer polyelec-
trolyte films based on polysaccharides and polypeptides for
applications in the biomaterials field).

[0033] In particular, the author cites harder and denser lin-
ear growth multilayer films, which do not enable the diffusion
of' molecules, thus playing the role of a barrier. They can play
the role of reservoir enabling films with compartments to be
formed. Such architectures have been produced by depositing
for example poly(allylamine)/poly(styrene sulphonate) films
on other films of poly(L-lysine)/hyaluronic acid type.
[0034] The following steps of the process of the invention
will be determined and adapted as a function of the assembled
chemical structure that it is wished to obtain and having this
phase partition:

[0035] a)the preparation of said first phase and said second
phase; and

[0036] b) the formation of said chemical structure having a
phase partition generated beforehand by mixing or self-struc-
tured.

[0037] Once the assembled chemical structure is selected,
the method or process aiming to obtain it will be selected from
standard methods or processes to obtain said structures,
which are well known to those skilled in the art.

[0038] In a particularly preferred embodiment, the subject
matter of the invention is a process for preparing an
assembled chemical structure according to the present inven-
tion, characterised in that said phase partition delimits a first
phase of hydrophobic nature (hydrophobic phase) and a sec-
ond phase of hydrophilic nature (hydrophilic phase), said
process then comprising the following steps:

[0039] a) the preparation of the first phase of hydrophobic
nature not miscible with water and the second phase of hydro-
philic nature; and

[0040] b) the formation of said assembled chemical struc-
ture in partition phase obtained beforehand by mixing or
self-structured,

[0041] characterised in that:

[0042] said hydrophobic phase contains a composition
comprising at least one hydrophobic compound capable
of generating a fluorescence (known as hydrophobic
fluorescent compound) and said hydrophilic phase con-
tains a composition comprising at least one hydrophilic
compound capable of generating a fluorescence (known
as hydrophilic fluorescent compound)

[0043] said firstand second phases are mixed with a third
amphiphilic phase, miscible with the first two phases,
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containing fluorescent compounds miscible either with
the first phase, or instead with the second phase. In a
more particularly preferred embodiment, the subject
matter of the invention is a process for preparing an
assembled chemical structure according to the present
invention, characterised in that said process is a process
for preparing microparticles or nanoparticles capable of
generating a specific fluorescence signal, said micropar-
ticles or nanoparticles comprising a rigid or fluid wall
delimiting at least one intra-particular space, said wall
being of hydrophobic nature and said intra-particular
space being occupied by an aqueous solution, or, con-
versely said wall being of hydrophilic nature and said
intra-particular space being occupied by a solution of
hydrophobic nature, said process implementing a pro-
cess for preparing microparticles or nanoparticles com-
prising the following steps:

[0044] a) the preparation of an organic solution not mis-

cible in water (known as hydrophobic solution) and an aque-

ous solution;

[0045] D) the formation of the phase partition by mixing

and emulsification of the hydrophobic solution with the aque-

ous solution; and

[0046] c) the formation of said particles, characterised in
that:
[0047] said hydrophobic solution contains a composi-

tion comprising at least one hydrophobic compound
capable of generating a fluorescence (known as hydro-
phobic fluorescent compound) and the hydrophilic solu-
tion contains a composition comprising at least one
hydrophilic compound capable of generating a fluores-
cence (known as hydrophilic fluorescent compound); or
[0048] said hydrophobic solution and hydrophilic solu-
tion are mixed with a third amphiphile containing a
composition comprising at least one hydrophobic fluo-
rescent compound and at least one hydrophilic fluores-
cent compound such that the mixing of the three solu-
tions generates a phase partition between a hydrophilic
phase containing at least one hydrophilic fluorescent
compound and a hydrophobic phase containing at least
one hydrophobic fluorescent compound.
[0049] Microparticles or nanoparticles is taken to designate
in particular any particle, whether of composite or synthetic
type or instead of liposome type, preferably cylindrical, of
ovoid or spherical shape, of diameter comprised between 10
nm and 1 pm for nanoparticles and 1 to 500 um for micropar-
ticles, preferably of diameter comprised between 30 nm for
nanoparticles and 50 um for microparticles. There exists a
large number of different types of microparticles or nanopar-
ticles comprising in general a rigid or fluid wall delimiting at
least one intra-particular space.
[0050] Among said microparticles or nanoparticles may be
cited in particular but without being limited thereto the fol-
lowing microparticles or nanoparticles:
[0051] polycaprolactone, polymethyl methacrylate
(Eudragit or Pluronic® such as Pluronic®P6100 or .92,

[0052] nanoparticles of latex (Cartier R et al., 2007),
viscose, cellulose and chitosan,

[0053] nanoparticles of proteins,
[0054] nanoparticles with metal core,
[0055] nanoparticles formed of a mixture of the different

aforementioned polymers (polymethacrylate, polysty-
rene for example).
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[0056] The articles of Caldorera-Moore M et al., Expert
Opin Drug Deliv. April; 7(4):479-95 (2010) Designer nano-
particles: incorporating size, shape and triggered release into
nanoscale drug carriers, of Giouroudi I and Kosel J. Recent
Pat Nanotechnol. June; 4(2):111-8 (2010) Recent progress in
biomedical applications of magnetic nanoparticles or Freitas
S et al. in Journal of Controlled Release vol. 102, Issue 2, pp
313-332 (2005) Microencapsulation by solvent extraction/
evaporation: reviewing the state of the art of microsphere
preparation process technology, describe these technologies
for obtaining composite particles.

[0057] Amongthose in which the wall (or shell) is of hydro-
phobic nature and said intra-particular space may be occupied
by an aqueous solution, one may cite in particular but without
being limited thereto the following microparticles or nano-
particles:

[0058] polycaprolactone, polymethyl methacrylate,
Eudragit or Pluronic® such as Pluronic®P6100 or 1.92.

[0059] According to a preferred embodiment of the inven-
tion, said nano- or microparticle may be composed of at least
one polymer which may be selected from the group compris-
ing polycaprolactone, polymethyl methacrylate, Eudragit or
Pluronic® such as Pluronic®P6100 or 1.92, preferably poly-
methyl methacrylate, a mixture of polymethyl methacrylate
and polycaprolactone, a mixture of polymethyl methacrylate
and Pluronic® and even more preferentially polymethyl
methacrylate. Among preferred natural polymers, one may
cite latex, chitosan, cellulose and viscose.

[0060] Amongthose in which the wall (or shell) is of hydro-
philic nature and said intra-particular space may be occupied
by a lipidic solution, one may cite in particular but without
being limited thereto microparticles or nanoparticles of latex,
viscose, cellulose and chitosan.

[0061] Such supports are well known to those skilled in the
art and may be obtained with the aid of processes of encap-
sulation by evaporation of solvent (emulsion/precipitation),
by coacervation, by interfacial polymerisation, by nebulisa-
tion, by drying, by spraying, by fluidised bed coating, by
gelling, by congealing of drops, in a preferred manner by
evaporation of solvent. These processes are described in par-
ticular in the following articles: Abrant A etal., Eur. polym. J.,
37, 955-963, (2001) “Microencapsultation par évaportation
de solvent” (Microencapsulation by evaporation of solvent);
Taverdet J L. et al., Ann. Fais. Exp. Chim., 94, 955, 103-113
(2001) Microencapsulation de matiere active par coacerva-
tion complexe: influence de certains factors sur la vitesse de
libération (Microencapsulation of active material by complex
coacervation: influence of certain factors on the rate of
release); Fugit J L. and al., Polymer Int., 52, 670-675, (2003)
Treatment of a plasticized PVC to reduce plasticizer/solvent
migration: optimization with an experiment design; Ponsart S
et al. Eur. J. Sci. 4 Suppl. S75-S76, 996 (2004) These pro-
cesses are also described in the following works: The Science
and Engineering of Thermal Spray Coatings of Lech
Pawlowski etal., Journal of Thermal Spray Technology, ASM
International, vol. 13, no 1, March.

[0062] Thus, accordingto apreferred embodiment, the sub-

ject matter of the invention is a process for preparing micro-
particles or nanoparticles according to the invention, charac-
terised in that said microparticles or nanoparticles are
composites/synthetic particles and in that the process imple-
mented for the preparation of said microparticles or nanopar-
ticles is selected from:
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[0063] the process of precipitation of polymers such as
for example by de-solvation or single emulsion-evapo-
ration of solvent;

[0064] the process of radial polymerisation from a metal
core with random or ordered ramifications (the den-
drimer),

[0065] these processes enabling the synthesis of solid par-
ticles (pellets) sometimes bipolar (with a hydrophobic sur-
face and a hydrophilic core) charged with said at least hydro-
phobic fluorescent compound, and

[0066] the process of double emulsion-evaporation of
solvent;
[0067] the process of chemical cross-linking of natural

macromolecules;
[0068] the process of interfacial polymerisation,
[0069] these processes enabling the encapsulation in said
particles of said at least hydrophobic fluorescent compound
or of said at least hydrophilic compound, or instead of said
hydrophobic and hydrophilic compounds.
[0070] According to an also preferred embodiment, the
subject matter of the invention is a process for preparing
microparticles or nanoparticles, characterised in that the pro-
cess implemented for the preparation of microparticles or
nanoparticles is the process of double emulsion-evaporation
of'solvent, and in that said hydrophobic solution is constituted
of a solution selected from:
[0071] a solution of polymethyl methacrylate (PMMA)
dissolved in dichloromethane;

[0072] Pluronic® dissolved in ethanol;

[0073] polycaprolactone dissolved in acetone; or

[0074] polystyrene dissolved in limonene or chloroform.
[0075] In a particularly preferred embodiment, the subject

matter of the invention is a process for preparing micropar-
ticles or nanoparticles according to the invention, character-
ised in that said hydrophobic solution is constituted of a
solution selected from:
[0076] a solution of polymethyl methacrylate (PMMA)
dissolved in dichloromethane;
[0077] a solvent containing pure or in mixture at least
one hydrophobic fluorescent substance;
[0078] anaqueous solution containing pure or in mixture
at least one hydrophilic fluorescent substance.
[0079] In these conditions, two successive sonications are
carried out, the first by mixing of the solvent and the aqueous
solution then the second by mixing the first emulsion with an
aqueous solution/0.1 PVA. The latter is then poured into 200
ml of a 1% PVA solution and the mixture is placed immedi-
ately under a strong agitation which will enable the evapora-
tion of the dichloromethane.
[0080] Under another aspect, the subject matter of the
invention is a process for preparing microparticles or nano-
particles according to the invention, characterised in that said
microparticles or nanoparticles are liposomes and the process
implemented for the preparation of microparticles or nano-
particles is a process for preparing liposomes, in particular
implementing as hydrophobic solution a concentrate of phos-
pholipids.
[0081] Here again, the standard processes for preparing
liposomes are well known to those skilled in the art and will
not be explained here in an exhaustive manner. One may
nevertheless cite in particular, but without being limited
thereto, the standard processes for preparing liposomes such
as:
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[0082] injection of ethanol into water
[0083] preparation by sonication
[0084] preparation by membrane exclusion
[0085] preparation by lyophilisation
[0086] preparation by freezing unfreezing
[0087] preparation by reverse phase evaporation
[0088] solubilisation of detergents, etc.
[0089] These methods producing either multilamellar or

unilamellar vesicles of very varied sizes (50 to 1090 nanome-
tres).

[0090] These technologies are discussed in the review
article of Walde P et al., Chembiochem May 3; 11(7):848-65
(2010) Giant vesicles: preparations and applications.

[0091] Inapreferred embodiment, the subject matter of the
invention is a process for preparing assembled chemical
structure or, preferably, microparticles or nanoparticles,
according to the invention, characterised in that:

[0092] said composition comprising at least one com-
pound miscible in the first structure capable of generat-
ing a fluorescence or said composition comprising at
least one compound miscible in the second structure
capable of generating a fluorescence; or

[0093] said composition comprising at least one hydro-
phobic compound capable of generating a fluorescence
or said composition comprising at least one hydrophilic
compound capable of generating a fluorescence,

[0094] is selected from the group constituted of a synthetic
or natural, plant or animal extract, or a mixture of synthetic
and/or natural extracts, an isolated or purified hydrophobic or
hydrophilic compound capable of generating a fluorescence,
or in a mixture of said isolated or purified compounds.
[0095] For example natural, plant or animal extract,
capable of generating fluorescence, is taken to mean any
structure, substance, or mixture thereof, present in an organ-
ism belonging to the animal or plant kingdom and in which
extract or mixture is contained at least one natural compound
capable of generating a fluorescence, in particular under
ultraviolet.

[0096] Synthetic extract is taken to mean any structure or
substance present in an organism belonging to the animal or
plant kingdom but the synthesis of which has been realised by
chemical synthesis.

[0097] By way of examples of natural extract of plant ori-
gin, may be cited extracts of plants, seeds, grains of pollen or
plant spores.

[0098] Inanother preferred embodiment, the subject matter
of the invention is a process for preparing assembled chemi-
cal structure or, preferably, microparticles or nanoparticles,
according to the invention, characterised in that said compo-
sition comprising at least one hydrophobic fluorescent com-
pound is constituted essentially of the hydrophobic part of a
plant or animal extract, or a mixture thereof, and in that said
composition comprising at least one hydrophilic fluorescent
compound is constituted essentially of the hydrophilic part of
a plant or animal extract, or a mixture thereof.

[0099] Fluorescent compound is herein taken to mean in
particular compounds capable of generating a fluorescence
after submission to a radiation, in particular of ultraviolet
type.

[0100] Inanother preferred embodiment, the subject matter
of the invention is a process for preparing assembled chemi-
cal structure or, preferably, microparticles or nanoparticles,
according to the invention, characterised in that said hydro-
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phobic part and said hydrophilic part are taken from the same
extract or from two separate extracts.

[0101] Under a novel aspect, the subject matter of the
present invention is a process for preparing a mixture of at
least two assembled chemical structures and in a preferred
manner a mixture of at least two microparticles or nanopar-
ticles capable of generating an original fluorescence signal
that is significantly different (capable of being distinguished
from each other), each of said assembled chemical structures
or said microparticles or nanoparticles being obtained by a
process for preparing assembled chemical structure or micro-
particles or nanoparticles according to the present invention,
characterised in that:

[0102] one at least of the compounds capable of gener-
ating a fluorescence and miscible in the first phase, and
one at least of the compounds capable of generating a
fluorescence and miscible in the second phase is differ-
ent between said two assembled structures; or
[0103] one at least of the hydrophobic or hydrophilic
fluorescent compounds contained in said particle is dif-
ferent between said two particles.
[0104] Inaparticular embodiment, according to a preferred
embodiment, the subject matter of the invention is a process
for preparing a mixture of at least n assembled chemical
structures or for preparing a mixture of at least n micropar-
ticles or nanoparticles (n designating the number of types of
assembled structures or nano- and microparticles) capable of
generating an original fluorescence signal that is significantly
different between said n assembled structures or particles,
each of said assembled structures or microparticles or nano-
particles being obtained by a process according to the present
invention, characterised in that it implements for each of said
assembled structures or particles a composition in com-
pounds capable of generating a fluorescence different for
each of said assembled structures or particles, and in that n is
greater than or equal to 2, preferably t0 3,4, 5, 6,7, 8, 9 or 10.

[0105] Under yetanother novel aspect, the subject matter of
the present invention is the assembled chemical structures or
microparticles or nanoparticles, or mixture of assembled
structures or microparticles or nanoparticles, capable of gen-
erating an original fluorescence signal or an original fluores-
cence spectrum, obtained or capable of being obtained by a
process according to the present invention.

[0106] Under yetanother novel aspect, the subject matter of
the present invention is a mixture of at least n microparticles
or nanoparticles, capable of generating an original fluores-
cence signal different between each of said particles, charac-
terised in that each of said particles comprises:

[0107] arigid or fluid wall delimiting at least one intra-
particular space, said wall being of hydrophobic nature
and said intra-particular space being occupied by an
aqueous solution, or, conversely said wall being of
hydrophilic nature and said intra-particular space being
occupied by a solution of hydrophobic nature;

[0108] 1) when said rigid or fluid wall is of hydrophobic
nature and said intra-particular space is of hydrophilic
nature, said wall comprises at least one hydrophobic
fluorescent compound and said intra-particular space
comprises at least one hydrophilic fluorescent com-
pound,

[0109] 1ii) when said rigid or fluid wall is of hydrophilic
nature and said intra-particular space is of hydrophobic
nature, said wall comprises at least one hydrophilic fluo-
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rescent compound and said intra-particular space com-
prises at least one hydrophobic fluorescent compound;
and in that:
[0110] for each of said n microparticles or nanoparticles,
one at least of the hydrophobic or hydrophilic fluorescent
compounds contained in said rigid or fluid wall and/or in said
intra-particular space is different between said n particles,
[0111] nbeing greater than or equal to 2, preferably to 3, 4,
5,6,7,8,90r10.
[0112] In a preferred manner, when it involves particles,
said particles are selected from composites/synthetic par-
ticles or from liposomes, in particular as described for the
above processes according to the present invention.
[0113] Also in a preferred manner, the subject matter of the
invention is a mixture of at least n microparticles or nanopar-
ticles, said particles being capable of generating a specific
fluorescence signal according to the present invention, char-
acterised in that said particles of said mixture are particles, the
rigid or fluid wall of which is of hydrophobic nature and the
intra-particular space is of hydrophilic nature.
[0114] Also in a preferred manner, the subject matter of the
invention is a mixture of at least n microparticles or nanopar-
ticles, capable of generating an original fluorescence signal
according to the present invention, in which mixture said
particles are synthetic particles, the wall of which is consti-
tuted essentially of polymers selected from polymethyl meth-
acrylate (PMMA), polystyrene, latex, chitosan, cellulose and
viscose.
[0115] Also in a preferred manner, the subject matter of the
invention is a mixture of at least n microparticles or nanopar-
ticles capable of generating an original fluorescence signal
according to the present invention, characterised in that
[0116] said composition comprising at least one com-
pound miscible in the first phase capable of generating a
fluorescence or said composition comprising at least one
compound miscible in the second phase capable of gen-
erating a fluorescence; or
[0117] said composition comprising at least one hydro-
phobic compound capable of generating a fluorescence
or said composition comprising at least one hydrophilic
compound capable of generating a fluorescence,
[0118] is selected from the group constituted of a synthetic
or natural, plant or animal extract, or a mixture of synthetic or
natural extracts, an isolated or purified hydrophobic or hydro-
philic compound capable of generating a fluorescence, or a
mixture of said isolated or purified compounds.
[0119] Inan also preferred embodiment, the subject matter
of the invention is a mixture of at least n microparticles or
nanoparticles capable of generating an original fluorescence
signal according to the present invention, in which mixture,
characterised in that said composition comprising at least one
hydrophobic compound capable of generating a fluorescence
is constituted essentially of the hydrophobic part of a plant or
animal, natural or synthetic extract, or a mixture thereof, and
in that said composition comprising at least one hydrophilic
compound capable of generating a fluorescence is constituted
essentially of the hydrophilic part of said plant or animal
extract, or a mixture thereof.
[0120] Inan also preferred embodiment, the subject matter
ofthe invention is a mixture of at least n assembled structures
or n microparticles or nanoparticles according to the present
invention, characterised in that said hydrophobic part and said
hydrophilic part within a same particle are taken from the
same extract or from two separate extracts.
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[0121] Under yetanother novel aspect, the subject matter of
the present invention is a composition for the in vivo diagno-
sis or for in vivo medical imaging, characterised in that it
comprises a mixture of at least n assembled structures or n
microparticles or nanoparticles according to the present
invention.

[0122] Inapreferred embodiment, the composition accord-
ing to the invention is characterised in that, when it involves
in particular particles, the external wall of said particle is
labelled with the aid of a label specific to the biological tissue
or to the cell, or one of the elements thereof that it is wished
to observe or highlight, each of the n particles being labelled
with the aid of a different label between each of particles.
[0123] Among the specific labels of biological tissue or the
cell, one may cite but without being limited thereto any com-
pound capable of specifically recognising a particular struc-
ture or a compound of said tissue or of said targeted cell, such
as in particular an antigen or a receptor expressed at the
external surface of said cells, the specific label then being able
to be but without being limited thereto an antibody directed
against said antigen or a ligand specific to said receptor.
[0124] Under yet another novel aspect, the subject matter of
the present invention is a kit necessary for in vivo diagnosis or
for in vivo medical imaging, characterised in that said kit
comprises a mixture of at least n assembled structures or n
microparticles or nanoparticles according to the present
invention, each of the assembled structures or particles being
preferably labelled with a different label.

[0125] Preferably, said label is a biological label capable of
attaching itself specifically onto the element that it is wished
to highlight or observe, in particular an antibody directed
specifically against said element.

[0126] Under yetanother novel aspect, the subject matter of
the present invention is a process for labelling a sample or an
object characterised in that one places in contact said sample
or object with a mixture of n assembled structures or n micro-
particles or nanoparticles according to the present invention.
[0127] In the process for labelling a sample or an object
according to the invention, preferably the object is comprised
in the group of objects constituted of a work of art, technical
parts of high added value, manufactured objects.

[0128] By way of examples of object, one may further cite
perfume bottles, bottles such as wine bottles, packaging, bank
notes, clothing, watches, electrical goods, books, passports,
medicines, chemical formulations, foodstuffs such as meat,
perfumes, wines, articles based on canvas, paper, plastic,
inks, paint.

[0129] The labelling of object, composition or sample
according to the invention may take place in any appropriate
manner that does not cause modification of the characteristics
of'said objects, compositions or sampled such as the morpho-
logical or biological characteristics (if it involves biological
materials).

[0130] By way of example, the labelling can take place by
bonding or varnishing if the support of the composition used
is respectively an adhesive or a varnish.

[0131] Preferably here, the adhesives or varnishes will be
selected from adhesives or varnishes little or not at all fluo-
rescent, or in that said adhesives or varnishes do not hinder the
interpretation of the essential signal such as for example
cellulose, polymethyl methacrylate (PMMA), latex.

[0132] When the support of the composition is a particle
and the object or composition to be labelled is a fluid, the
labelling may be carried out by a mixing operation. When the
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support of the composition is a particle and the object is a
paste or a solid, the labelling may be carried out by including
the mixture of said particles during the manufacture of the
solid, such as a paste, a fabric, a canvas (for a painting), glass
or for any material useful for the manufacture of an object.
[0133] Preferably here, said solids will preferably be
selected from neutral solids in terms of fluorescence emis-
sion, in other words from materials little or not at all fluores-
cent, or instead in that said materials do not hinder the inter-
pretation of the essential fluorescence signal resulting from
the phase partition.

[0134] By way of examples, when the support of the com-
position is a particle, the labelling may be carried out by:

[0135] the mixing of a composition according to the
invention with an ink or a composition of ink vehicle or
with water or a combination of water and organic solvent
and the impression directly on a product, or

[0136] the immersion ofat least one part of the surface of
the object to be labelled in a solution comprising a com-
position according to the invention to attach, for
example by adsorption, said composition onto the prod-
uct, or

[0137] the mixing of at least one composition according
to the invention with a colorant material or a paint
intended to be used with a product, or

[0138] the addition of a composition according to the
invention directly to solutions or formulations of chemi-
cals such as drugs or foodstuffs.

[0139] Advantageously, the labelling according to the
invention may be carried out by spraying. The spraying may
take place for example with the aid of a device with a nozzle
for the labelling of numerous products or with the aid of an
“aerosol” type device.

[0140] Underyetanother novel aspect, the subject matter of
the present invention is a process for labelling a liquid com-
position characterised in that one incorporates in said com-
position a mixture of assembled structures or n microparticles
or nanoparticles according to the present invention, in par-
ticular said composition being selected from an ink, an inject-
able liquid or a nutritive solution.

[0141] Underyetanother novel aspect, the subject matter of
the present invention is a process for diagnosing in particular
a pathology or a stage of advancement or regression of a
pathology, from a biological sample, characterised in that it
implements a step in which one places in contact a mixture of
n assembled structures or n microparticles or nanoparticles
according to the present invention with said sample and in that
one observes or analyses the fluorescence spectrum emitted
by the sample thereby labelled, in particular at the level of
certain elements of the sample, preferably from a biopsy.
[0142] Underyetanother novel aspect, the subject matter of
the present invention is a process of authentication of a
sample or an object capable of having been labelled with a
particular mixture or combination of n assembled structures
or n microparticles or nanoparticles according to the present
invention, characterised in that it comprises the following
steps:

[0143] the observation or analysis of the fluorescence
spectrum emitted by the sample or the object capable of
being thereby labelled; and

[0144] the comparison of the spectrum thereby obtained
with the specific fluorescence spectrum associated with
said mixture or combination,
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[0145] the sample or the object being determined as
authentic if the two spectra thus compared are identical.

[0146] Under yet another novel aspect, the present inven-
tion comprises an object or liquid characterised in that it is
labelled with a specific mixture or combination of n
assembled structures or n microparticles or nanoparticles
according to the invention.
[0147] Under yetanother novel aspect, the subject matter of
the present invention is the use of a specific mixture or com-
bination of n assembled structures or n microparticles or
nanoparticles according to the present invention as biolabel,
in particular for proteomic analysis, genome analysis, diag-
nosis in synthetic chemistry, environmental diagnosis, trace-
ability or authentication of objects, for combatting counter-
feits.
[0148] Finally, the subject matter of the present invention is
a process for analysing or detecting the presence of at least
one assembled structure or microparticle or nanoparticle, or a
mixture of n assembled structures or n microparticles or
nanoparticles, capable of generating an original fluorescence
signal obtained according to the invention or capable of being
obtained by a process according to the present invention,
characterised in that it implements a reading of the fluores-
cence spectrum resulting from the separation of the hydro-
phobic and hydrophilic phase of the particle by identification
of each spectral component of said two phases, said fluores-
cence spectra of each of the components being specific to the
particle analysed.
[0149] Theapplications of fluorescent particles may be also
numerous in public health and industrial sectors such as food
processing, environmental management, or chemistry.

[0150] One may further cite as application their use in flux
cytometry, in immunoassay, in cellular imaging and micros-
copy.

[0151] This technology makes it possible to generate in an

advantageous manner specific and unique combinatories of
these assembled chemical structures such as unique combi-
nations of particles. These mixtures of particles generate an
unfalsifiable colour code that can be analysed by fluorescence
reading.

[0152] Also in an advantageous manner, the labelling is
invisible to the eye and specific (unique molecular combina-
tory), natural and easily detectable by a fluorescence reading
which may be portable.

[0153] The present invention also has the advantage of
being able to encapsulate multiplexed fluorescent substances
in an innovative manner by compartmentation thanks to the
hydrophilicity or hydrophobicity properties of the latter. This
novel method of encapsulation of fluorescent substances
makes it possible to propose the use of numerous natural plant
substances, which constitutes an advantage of this invention.
[0154] The figures, for which the captions are given here-
after, and the examples that follow are intended to illustrate
the invention without however limiting its scope.

FIGURE CAPTIONS

[0155] FIGS. 1A-1C: Observation under ultra-violet lamp
of solutions of B1 extract, fluorescein (F) and a B1 extract/
fluorescein (M) mixture,

[0156] FIG.1A: Solution of B1 extract, fluorescein (F) and
B1 extract/fluorescein (M) mixture, 1v/lv and placed under
the lighting of an ultra-violet lamp.

[0157] FIG. 1B: After synthesis of the particles, the solu-
tions are centrifuged in order to separate the pellets from the
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supernatant containing the substances in excess. The super-
natants are recovered and observed under an ultra-violet
lamp.

[0158] FIG. 1C: The particles after synthesis are pelletized
by centrifugation then re-suspended in a solution of 0.1%
PVA. This type of rinsing is repeated twice before carrying
out a final centrifugation and observing the pellet of particles
and the remainder of particles in suspension under an ultra-
violet lamp.

[0159] FIGS. 2A-2B: Observation of composite particles
on slides on fluorescence microscope.

[0160] FIG. 2A: Composite particles of PMMA enriched
with Bl extract containing hydrophobic fluorescent plant
substances observed at a 40x magnification under a fluores-
cence microscope. The emission of fluorescence is analysed
under a B2A filter (excitation >410 nm, stop filter: 515 to 560
nm).

[0161] FIG. 2B: Composite particles of PMMA enriched
with fluorescein after synthesis of the particles, the solutions
are centrifuged in order to separate the pellets from the super-
natant containing the substances in excess. The supernatants
are recovered and observed under an ultra-violet lamp.
[0162] FIGS. 3A-3B: Observation under ultra-violet lamp
of colloidal solutions of different preparations of liposomes.

[0163] FIG. 3A: Colloidal solutions of different prepara-
tions of liposomes: unlabelled liposomes (V), liposomes con-
taining the B1 extract (B1), liposomes containing a solution
of fluorescein (F) and liposomes containing both the Bl
extract and a solution of fluorescein (M).

[0164] FIG. 3B: Colloidal solutions of different prepara-
tions of liposomes specified in A after dialysis. S is a dialysate
fraction of M.

[0165] FIGS. 4A-4B: Confocal images of PF capsules
(green path uniquely: 500-620 nm, scale bar: 10 um). (A)
three typical capsules, (B) zoom on a capsule of around 10 pm
diameter.

[0166] FIG.5: Confocal image of PA capsules (green path:
500-620 nm, green path: 630-800 nm, scale bar: 10 pm)
[0167] FIGS. 6A-6B: Confocal images of APF capsules
(scale bar: 10 um). (A) green path uniquely: 500-620 nm, (B)
red path uniquely: 630-800 nm

[0168] FIG.7: Emission spectra typical of different types of
capsules under excitation at 488 nm

[0169] FIGS. 8A-8E: Emission spectra obtained with the
aid of a spectrofluorimeter, after an excitation at 488 nm

[0170] FIG. 8A: Spectrum of particles enriched with fluo-
rescein

[0171] FIG. 8B: Spectrum of a solution of fluorescein
[0172] FIG. 8C: Spectrum of particles enriched with hydro-

phobic substances

[0173] FIG. 8D: Spectrum of hydrophobic substances in
dichloromethane

[0174] FIG. 8E: Spectrum of particles enriched with fluo-
rescein and with hydrophobic substance.

[0175] FIG. 9A-9D: “Water in 0il” and “oil in water” solu-
tions
[0176] FIG. 9A: “water in oil” solutions: (1) solution of

hydrophobic substances; (2) after addition of 100 pL of fluo-
rescein (10 mg/ml) in 900 pL. of hydrophobic substances
(12.5 mg/mL); (3) emulsion generated after agitation (vortex)
of the mixture presented in (2)
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[0177] FIG.9B: “oil in water” solutions: (4) mixture of 100
pL of hydrophobic substances in 900 pL of fluorescein; (5)
emulsion generated after agitation (vortex) of the solution in
“4)

[0178] FIG. 9C: Spectrum corresponding to the spectrum
of the “water in 0il” emulsion displayed in FIG. 9A (C)
[0179] FIG. 9D: Spectrum corresponding to the “oil in
water” emulsion spectrum displayed in FIG. 9B (D)

[0180] FIG. 10: Photograph of a kinetic obtained for a
“water in oil” emulsion after agitation every two minutes. A
photograph is taken every 3 minutes (0 min (1), 3 min (2), 6
min (3), 9 min (4), 12 min (5).

EXAMPLES
Example 1

Observations of Composite Particles Constituted of
PMMA and Enriched with Fluorescein (Hydrophilic
Molecule) and with B1 Extract (Hydrophobic
Molecule)

[0181] The method for obtaining particles of polymethyl
methacrylate (PMMA) is described by Alonso (1996).
[0182] PMMA solubilised beforehand in a solvent such as
dichloromethane is mixed with a 98% plant extract composed
of chlorophylls a and b (hydrophobic molecules) obtained by
a treatment with chloroform of a 70° ethanolic extract
enabling

[0183] This mixture (B1 extract) constitutes the phase that
we name solvent/PMMA/extract. A solute (aqueous phase)
containing hydrophilic fluorescent molecules such as fluores-
cein in mixture with the first (solvent/PMMA) makes it pos-
sible by sonication to create an emulsion of fine aqueous
particles. This emulsion mixed with water then emulsified a
second time by sonication then leads to fine particles in sus-
pension in water (from 50 nm to 10 pm). The latter are
constituted of a shell of PMMA/B1 extract containing small
globule(s) of solute(s). The solvent is evaporated by agitation
thereby creating solid particles.

[0184] PMMA powder (250 mg) is dissolved in 5 ml of
pure dichloromethane. If the particles are enriched with B1
extract, then 1 ml of 25 mg/ml (chloroform) B1 extract is
poured into the solution of PMMA. To this latter solution is
added 1 ml of water or a solution of fluorescein (3 mM/ml).
The whole is passed into the sonicator in order to obtain a very
fine emulsion. The emulsion is then poured into a large vol-
ume of a 0.1% PVA solution (500 ml). The whole is placed
under agitation for 16 h under an exhaust hood in order to
totally evaporate the solvent. Then, the particles are recovered
by centrifugation at 6000 rpm (“rpm” for revolutions per
minute) for 20 minutes. The supernatant is eliminated and the
pellet taken up with a 0.1% PVA solution. Two centrifuga-
tions are repeated in order to eliminate any trace of B1 extract
or fluorescein in the particle take up buffer.

Example 2

Epi-Fluorescence Observation on a Fluorescence
Microscope and Under an Ultra-Violet Excitation
Light of the Composite Particles Presented in
Example 1

[0185] The particles are placed between slide and cover
glass. Each mounting is sealed with the aid of paraffin.
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[0186] The slides are then observed on a fluorescence
microscope.
[0187] The observations reported in example 1 show that

particles of PMMA containing a solution of water only gen-
erate a very weak fluorescence under ultra-violet (V in part C
of'the example 1). When the water is enriched with a fluores-
cent hydrophilic substance, fluorescein, then the particles of
PMMA produce under ultra-violet a fluorescence emission,
the yellow-green colour of which is characteristic of the latter
(see FIGS. 1A-1C, tube “F”). When the organic phase con-
taining the PMMA is enriched with the B1 extract (rich in
hydrophobic substance(s) such as chlorophyll), the particles
thereby produced emit under ultra-violet a fluorescence of red
colour characteristic of the B1 extract ((see FIGS. 1A-1C,
tube 5 “B1”). Finally, when the two types of fluorescent
substances are used to generate particles, then the latter have
an emission of fluorescence original and specific to this com-
partmentation, the resulting colour of which is orangey ((see
FIGS. 1A-1C, tube “M”). To demonstrate the originality of
this resulting emission, we have placed alone or in mixture the
two types of fluorescent substances. Under ultra-violet we
have observed the colour yellow-green of the fluorescein
(“F”) FIG. 1A), red of the B1 extract (“B1”, FIG. 1A) and
green-jade of the emulsified mixture (“M”, FIG. 1A). We
confirm the green-jade emission of the mixture when we
observe the different media after synthesis of the particles
(FIG. 1B). The excess of non-encapsulated substances in the
particles generates the green-jade colour of the mixture (“M”,
FIG. 1B).

[0188] The effect of compartmentation is demonstrated by
epifluorescence observations of the particles. The hydropho-
bic substances of the B1 extract are preferentially spread out
at the periphery of the particles (in the shell) (see FIG. 2A)
whereas the hydrophilic substance, fluorescein, is uniquely
observed in the cavities of the particles (see FIG. 2B).

Example 3

Observations of Liposomes Charged with
Fluorescein (Hydrophilic Molecule) and/or with Bl
Extract (Hydrophobic Molecule(s))

[0189] The same type of observations indicated in
examples 1 and 2 was acquired using the manufacture of
liposomes. Liposomes are vesicles that form naturally or
synthetically from concentrated phospholipids placed in the
presence of an excess of water. The self-assembly of phos-
pholipids into bilayer forms a membrane compartmentalising
an aqueous intra-vesicular space. In this way, the lipidic
membrane may be enriched with hydrophobic compound(s)
such as the B1 extract and the content enriched with hydro-
philic compound(s).

[0190] The method for obtaining liposomes is the injection
in ethanol similar to that described by Thierry et al. (Thierry,
A. R., Lunardi-Iskandar, Y, Bryant, J. L., Rabinovitch, P.,
Gallo, R. C., and Mahan, L. C.: Systemic gene therapy: bio-
distribution and long-term expression of a transgene in mice.
Proc. Natl. Acad. Sci. USA. 92, 9742-5 9746, 1995).

[0191] For this experiment a solution of the following lip-
ids, phosphatidylcholine, dimyristoyl-phosphatidylglycerol
and cholesterol was prepared in ethanol with the weight ratio
16.5/4.3/9.2, respectively. 120 ul (3 mg total lipids) of this
solution were injected into 1080 pl of sterile water. The
labelled liposomes are obtained by adding before the mixing
by injection of ethanolic and aqueous phases:
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[0192] either a quantity of the plant fraction B1 (5
mg/ml) in the ethanolic phase
[0193] or a quantity of the solution of FITC (3 mmole/
ml) in the aqueous phase
[0194] or a quantity of the plant fraction B1 (5 mg/ml) in
the ethanolic phase and a quantity of the solution of
FITC (3 mM/ml) in the aqueous phase.
[0195] Thedifferent preparations of liposomes labelled and
controlled are subjected after incubation of 1 hour at 25°C. to
a first dialysis of 2 hours in bags with porosity of 160 000 d
(Spectra) in distilled water at 25° C. Then the dialysis bags are
subjected to a second dialysis of 12 hours at 25° C. The
preparations are recovered in Eppendorf tubes then placed
under UV to evaluate their emitted colour (See FIGS. 3
A-3B).
[0196] This example clearly confirms the preceding obser-
vations. The manufacture of another type of particle, namely
liposomes, led to the same results. The latter structure two
compartments; the hydrophobic layer constituted of lipids on
the one hand and the aqueous content (hydrophilic sub-
stances) on the other hand. The liposomes prepared with the
aid of the two substances exhibit under ultra-violet an
orangey fluorescence emission (See FIG. 3B, tube “M” and
example 3) very different to the red or green-yellow colour
emitted by the particles obtained respectively with the plant
B1 extract alone (see FIGS. 3 A and 3B, tube “B1” and of the
example 3) or fluorescein alone (see FIGS. 3A and 3B, tube
“F” and the example 3). In aremarkable manner, this resulting
orangey colour is clearly different to the green-jade colour of
the mixture before dialysis (see FIG. 3A, tube “M” and of the
example 3)).
[0197] In light of the results obtained with the particles of
PMMA and/or liposomes, the inventors have demonstrated
and clearly shown that the process and its applications could
be generalised to any assembled structure having a phase
partition, such as any natural or synthetic environment mak-
ing it possible to obtain the compartmentation of a hydro-
philic space and a hydrophobic space, such as a composite
particle or a liposome.
[0198] One may cite for example, but without being limited
thereto, the use of three-dimensional polymeric networks
such as polymer triblocks (solid materials or in gel form)
containing by virtue of their composition a hydrophilic part
and a hydrophobic part.

Example 4
Emission Spectra of these Different Mixtures

A) Materials and Methods

[0199] The spectral confocal microscopy experiments pre-
sented in this section were carried out with the aid of LEICA
TCS-SP2 laser scanning microscopy system (upright stand).
The excitation was realised with the aid of an Argon laser at
the wavelength of 488 nm with a power of the order of that
normally used in the observation of immunohistochemistry
labels conventionally encountered in biology (as an indica-
tion: laser at a quarter of'its full power and acousto-optic filter
allowing less than 20% of'the laser line to pass). The objective
used was an oil immersion, wide numerical aperture objective
specially devised for fluorescence confocal microscopy
(HCX PL APO CS 40.0x1.25 OIL). It enables work between
slide and cover glass of 170 um. The separation between
excitation and emission (fluorescence) is achieved with the

Oct. 17,2013

aid of an interferential dichroic mirror of RSP500 type (hav-
ing a wavelength cut off at 500 nm). Thanks to this mirror, the
incident laser at 488 nm is reflected towards the sample, but
the return light (of wavelength greater than 488 nm) mainly
passes through the mirror. This LEICA system enables a
specific fluorescence band to be collected. Thus, this system
enables a spectral resolution and a wavelength scanning of the
collected fluorescence. In the images that will be presented,
the green path will correspond to a collection of fluorescence
between 500 nm and 620 nm and the red path to a collection
of fluorescence between 630 nm and 800 nm. The spectra
presented, for their part, will correspond to an acquisition by
wavelength scanning from 500 nm to 800 nm with a 10 nm
collection window. Each image presented is obtained by
scanning of the excitation beam at a rate of 400 lines per
second and corresponds to an average over several scannings
of a same zone. These images are also confocal sections
(virtual sections) and are thus obtained by collection of the
fluorescence coming mainly from an axial plane of reduced
thickness (of the order of a micron). At the working wave-
length chosen and with the objective used, the theoretical
resolution given by the manufacturer is of the order of 0.160
um laterally and 0.9 pm axially. The samples are prepared
from capsules in aqueous solution (with 0.1% of surfactant
additive to avoid aggregation). After centrifugation of these
solutions, around 1 pl of solution was taken from the bottom
of the tubes and mixed with a drop of fluorescence micros-
copy mounting medium (Vectashield), then placed between
slide and microscopy cover glass.

B) Results

[0200] For each lot of capsule supplied, several slides were
prepared and observed under confocal microscope. No mea-
surable fluorescence was able to be detected on the samples
containing the polymer alone (without plant substance or
fluorescein). The images presented in this part are a compi-
lation of the most representative results.

1) Sample of PF Type (Fluorescein):

[0201] FIGS. 4A and 4B present the capsules typically
observed on the PF samples. Only the green path is presented
because no significant fluorescence was able to be observed
above 630 nm. In the results of the spectral study illustrated in
FIG. 7, one finds a fluorescence typical of fluorescein with a
maximum around 530 nm. The remarkable feature of these
samples is the inhomogeneous distribution of the fluorescent
substance in the particles of polymer corresponding to the
cavities of the latter. A zoom on a large particle of around 10
um diameter and presented in FIG. 1B illustrates this inho-
mogeneity. On this particle, the fluorescence appears in zones
of'the order of or less than a micron (see arrows in FIG. 1B).

2) Sample of PA Type (Hydrophobic Plant Substance):

[0202] FIGS. 5A and 5B present three particles typically
observed on samples of PA type. One notes the presence of
solid or hollow particles, with more or less extended cavities.
The image is a superposition of the red path and of the green
path. This time, the distribution of the fluorescence is homo-
geneous within the polymer corresponding to the shell of the
latter. A weak fluorescence is noted in the green path and a
stronger fluorescence in the red path. By playing on the sen-
sitivities of the detectors of these two paths, one manages to
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balance the luminosity of the images and one thus obtains
capsules that appear in yellow.

[0203] More precisely, the emission spectrum of these cap-
sules is shown in FIG. 7. One notes effectively two bands of
fluorescence of different levels: a not very intense and quite
wide band which extends from green to orange (between 500
nm and 625 nm), then a more intense and narrower band in the
red from 625 to 725 nm corresponding to the spectrum
expected of chlorophylls.

3) Sample of APF Type (Plant Substance and Fluorescein
Mixture):

[0204] FIGS. 6A and 6B represent finally the particles
obtained following a mixing of the two substances evoked
previously (fluorescein and plant substance). For purposes of
clarity, the two red and green paths have not been superim-
posed here. One notes a compartmentation of the two hydro-
philic (fluorescein) and hydrophobic (plant substance) sub-
stances. The hydrophobic substance inserts itself into the
shell of the particle indicated by an arrow on the red path of
FIG. 6. The hydrophilic substance occupies for its part the
inside of the particle (green path). The two spectral curves
presented in FIG. 7 corroborate this affirmation. In fact, the
spectra have been plotted by choosing as region of interest on
the series of spectral images, either a ring 15 pixels wide
integrating the pixels of the shell, or a disc integrating the
interior pixels. For the interior region of interest, one finds
again almost exclusively the spectrum obtained with the PF
capsules (fluorescein) and for the exterior region, a spectrum
very similar to the spectrum obtained for the PA particles.
Furthermore, it should be noted that this compartmentation is
not observed for all the particles. As for the PA sample, one
finds particles more or less empty, but where only the fluo-
rescence measured on the PA samples (characteristic of the
plant substance) appears. It thus seems that these particles do
not contain fluorescein.

Example 5

Emission Spectra Obtained with the Aid of a
Spectrofluorimeter, after an Excitation at 488 nm
(See FIGS. 8A-8E)

[0205] Theparticles (solid composite and fluorescent struc-
tures) were suspended in water (1 mg of particles in 500 pL).
Spectrum of particles enriched with fluorescein (5 mg/ml.)
(A); spectrum of a solution of fluorescein (10 mg/ml.) (B);
spectrum of particles enriched with hydrophobic substances
(chlorophylls in particular at 12.5 mg/mL.) (C); spectrum of
hydrophobic substances in dichloromethane (12.5 mg/mlL.)
(D); spectrum of particles enriched with fluorescein and with
hydrophobic substances (E).

[0206] This example highlights the possibility of obtaining
the fluorescence emission spectra of composite structures in
suspension in water under an excitation light of 488 nm, with
the similarity of the spectra obtained for fluorescein (hydro-
philic substance) pure or coated (514 nm max) (at the core of
the composites structures).

[0207] These results demonstrate that the polymer is not
involved in the phenomenon described above. Composite
structures that contain only hydrophobic substances (chloro-
phylls in particular) positioned in the periphery generate a
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spectrum with two emissions; one at 660 nm and the other at
720 nm, this spectrum representing the specific signature of
this structure.

[0208] Finally, this example highlights that the compart-
mented composite structures containing both hydrophilic
(such as fluorescein) and hydrophobic (such as chlorophyll in
particular) substances generate an original spectrum with 4
characteristic fluorescences: at 520 nm, at 562 nm and 680 nm
and 715 nm. The spectrum reveals essentially an obvious
modification of the emission of fluorescein; it seems to lose
all of its intensity at 514 nm with a shift of the emission
spectrum towards higher wavelengths (520/562 nm). This
result is in agreement with the measurements of the emission
spectra obtained in fluorescence confocal microscopy.
[0209] Inview ofthese results, it could be accepted that the
hydrophobic substances in the periphery absorb a large part of
the light emitted by fluorescein in the green. This reinforces
the effect of position within the particle (composite struc-
ture). But in addition, secondly, the light emitted by the fluo-
rescein is going to be re-absorbed in part by the hydrophobic
substances which will have the consequence of reinforcing
the emission intensity thereof.

Example 6

Description of the Fluorescence Properties of
Emulsions Obtained with the Aid of an Aqueous
Solution of Fluorescein (10 mg/mL) and a Solution
of Hydrophobic Substances (Chlorophylls and
Phenolic Derivatives at 12.5 mg/mlL. in
Dichloromethane) (See FIGS. 9A-9D)

[0210] Inthe formation of emulsions, we will name “water”
the solution of fluorescein and “oil” the solution enriched
with chlorophylls. “Oil” in “water” emulsions are formed by
mixing 100 pL of the solution enriched with chlorophylls in
900 uL of the fluorescein solution. Conversely, a “water” in
“o0il” emulsion was formed; the latter corresponding to said
composite structures.

“Water in Oil” Solutions:

[0211] 1) solution of hydrophobic substances (see FIG.
9A(1)
[0212] 2) after addition of 100 pl. of fluorescein (10

mg/mL) in 900 pl. of hydrophobic substances (12.5
mg/mL) (see FIG. 9A(2));

[0213] 3) emulsion generated after agitation (vortex) of
the mixture presented in (2) (see FIG. 9A(3));

“0il in Water” Solutions:

[0214] 4) mixture of 100 uL. of hydrophobic substances
in 900 ulL, of fluorescein (see FIG. 9B(4)); and
[0215] 5) emulsion generated after agitation (vortex) of
the solution in (4) (see FIG. 9B(5)).
[0216] The corresponding spectra were obtained for:
[0217] 'The spectrum of the “water in 0il” emulsion dis-
played in (3) (see FIG. 9C); and
[0218] The spectrum of the “oil in water” emulsion dis-
played in (5) (see FIG. 9D)
[0219] This example shows the results obtained from a very
simple experiment where the polymer has been removed from
the mixture; “water in 0il”” and/or “oil in water” emulsions are
thereby obtained. The “water in 0il” emulsion corresponding
to these composite structures presented previously generate
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anorange colour under UV, whereas conversely “oil in water”
generates a green jade colour which corroborates the first
observations. The spectra obtained reinforce the interpreta-
tion made previously since spectra identical to the composite
structures studied in the preceding example are found once
again.
[0220] Inthis example is presented the very important spec-
trum of the “oil in water” emulsion with the fluorescein this
time in the periphery and the hydrophobic substances at the
core of the structure. In these conditions a spectrum that
exhibits 3 wavelengths is obtained:
[0221] one corresponding to the emission of the fluores-
cein (510/520 nm); and
[0222] the other two corresponding to the hydrophobic
substances (at 660/680 and at 720/740 nm).
[0223] It may thereby be concluded that the reverse “oil in
water” emulsion emits a fluorescence and generates a spec-
trum that is the consequence of the fluorescences of the sub-
stances in the mixture.

Example 7

“Water in Oil” Emulsion (See FIG. 10)

[0224] In this example, a “water in oil” emulsion was
formed by mixing 150 pl of fluorescein (10 mg/mL) in 900
pul of hydrophobic substances (25 mg/ml) in dichlo-
romethane.

[0225] A kinetic was carried out at ambient temperature
and agitating every two minutes (vortex). A photograph was
taken every 3 minutes (0 min (see FIG. 10 (1)), 3 min (see
FIG. 10 (2)), 6 min (see FIG. 10 (3)), 9 min (see FIG. 10 (4))
and 12 min (see FIG. 10 (5))).

[0226] This example highlights the instability of the fluo-
rescence generated by the emulsions; between 4 to minutes
after obtaining the latter, the fluorescence decreases rapidly
up to total extinction. It is probable that a very rapid decom-
position of the substances takes place on contact with aggres-
sive solvents. Furthermore, the hydrophilic and hydrophobic
substances taken separately to produce emulsions are going
to manifest the same instability over time, which reinforces
the preceding interpretation.

[0227] Knowing that the substances taken in their respec-
tive solubilisation media are stable and that the same holds for
composite structures, it appears clearly and certain that no
phenomenon of the “quenching type is at play here. Thus, the
processes of the invention as described make it possible to
create solid composite structures with the aid of polymer
and/or lipids thereby generating a physical barrier between
non-miscible substances in solution and incapable of mix-
tures, as is shown in the example.

[0228] With regard to all of the preceding examples, the
subject matter of the present invention is a composition (and
a process aiming to obtain it) capable of generating original
fluorescent composite structures. The claimed process makes
it possible to create (to obtain) said composite structure by
producing an emulsion, a particle or a liposome with the aid
of an aqueous solution of hydrophilic substances (such as
fluorescein) and a solvent containing the hydrophobic sub-
stances (such as chlorophyll in particular) and the polymer
(such as PMMA) or lipids not miscible with water. These
solid composite and fluorescent structures generate totally
original and stable emission spectra.

[0229] The fluorescence spectrum thereby obtained with
these structures is not the consequence of superposition of the
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emission spectra of each substance. This observation and
these results highlight a specificity of this spectrum closely
linked to the choice of substances on the one hand and to the
manufacture of the structures themselves on the other hand.
[0230] These examples and results highlight the fundamen-
tal importance of the organisation of the composite structures
in particular the mapping of substances within the latter. The
excitation light reaches the substances sequentially with
original emissions/absorptions.
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1. Process for preparing in partition phase an assembled
chemical structure having a compartmentation capable of
generating a specific fluorescence signal in phase partition,
said phase partition delimiting a first compartment and a
second compartment, said first compartment and said second
compartment not being miscible together, said process com-
prising the following steps:

a) the preparation of the non-miscible first phase and the

second phase; and



US 2013/0273559 Al

b) the formation of said assembled chemical structure hav-
ing as consequence of the phase partition a first com-
partment and a second compartment not miscible
together,

characterised in that said first compartment contains a
composition comprising at least one compound miscible
in said first phase capable of generating a fluorescence
and the second compartment contains a composition
comprising at least one compound miscible in said sec-
ond phase capable of generating a fluorescence.

2. Process for preparing an assembled chemical structure
according to claim 1, characterised in that said phase partition
delimits a first compartment of hydrophobic nature and a
second compartment of hydrophilic nature, said process com-
prising the following steps:

a) the preparation of the phase of hydrophobic nature not
miscible with water and the phase of hydrophilic nature,
and

b) the formation of said assembled chemical structure hav-
ing as consequence of the phase partition a hydrophobic
compartment and a hydrophilic compartment,

characterised in that:
said hydrophobic phase contains a composition com-

prising at least one hydrophobic compound capable of
generating a fluorescence (known as hydrophobic
fluorescent compound) and the hydrophilic phase
contains a composition comprising at least one hydro-
philic compound capable of generating a fluorescence
(known as hydrophilic fluorescent compound); or
said hydrophobic and hydrophilic phases are mixed with
athird amphiphile containing a composition compris-
ing at least one hydrophobic fluorescent compound
and at least one hydrophilic fluorescent compound.

3. Process for preparing an assembled chemical structure
according to claim 1 or 2, characterised in that said process is
a process for preparing microparticles or nanoparticles
capable of generating a specific fluorescence signal, said
microparticles or nanoparticles comprising a rigid or fluid
wall delimiting at least one intra-particular space, said wall
being of hydrophobic nature and said intra-particular space
being occupied by an aqueous solution, or, conversely said
wall being of hydrophilic nature and said intra-particular
space being occupied by a solution of hydrophobic nature,
said process implementing a process for preparing micropar-
ticles or nanoparticles comprising the following steps:

a) the preparation of an organic solution not miscible with
water (named hydrophobic solution) and an aqueous
solution;

b) the placing in contact of the hydrophobic solution with
the aqueous solution; and

¢) the formation of said particles,

characterised in that:

said hydrophobic solution contains a composition com-
prising at least one hydrophobic compound capable of
generating a fluorescence (named hydrophobic fluo-
rescent compound) and the hydrophilic solution con-
tains a composition comprising at least one hydro-
philic compound capable of generating a fluorescence
(named hydrophilic fluorescent compound); or

said hydrophobic and hydrophilic solutions are mixed
with a third containing a composition comprising at
least one hydrophobic fluorescent compound and at
least one hydrophilic fluorescent compound.
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4. Process for preparing microparticles or nanoparticles
according to claim 3, characterised in that the microparticles
ornanoparticles are composites/synthetic particles and in that
the process implemented for the preparation of these micro-
particles or nanoparticles is the process of double emulsion-
evaporation of solvent enabling the encapsulation in said
particles of said at least hydrophilic and hydrophobic fluo-
rescent compound and the process of single emulsion-evapo-
ration of solvent enables the encapsulation in said particles of
said at least hydrophobic fluorescent compound.

5. Process for preparing microparticles or nanoparticles
according to claim 4, characterised in that the process imple-
mented for the preparation of microparticles or nanoparticles
is the process of double emulsion-evaporation of solvent.

6. Process for preparing microparticles or nanoparticles
according to claim 5, characterised in that said hydrophobic
solution is constituted of a solution selected from:

a solution of polymethyl methacrylate (PMMA) dissolved

in dichloromethane;

polycaprolactone dissolved in acetone; or

polystyrene dissolved in limonene or chloroform.

7. Process for preparing liposomes according to claim 2,
characterised in that the process implemented for the prepa-
ration thereof implements as hydrophobic solution a concen-
trate of phospholipids.

8. Process according to one of claims 1 to 7, characterised
in that:

said composition comprising at least one compound mis-

cible in the first phase capable of generating a fluores-
cence and said composition comprising at least one
compound miscible in the second phase capable of gen-
erating a fluorescence; or

said composition comprising at least one hydrophobic

compound capable of generating a fluorescence and said
composition comprises at least one hydrophilic com-
pound capable of generating a fluorescence,

is selected from the group constituted of a synthetic or

natural, plant or animal extract, a mixture of synthetic
and/or natural extracts, an isolated or purified hydropho-
bic or hydrophilic compound capable of generating a
fluorescence, and a mixture of said isolated or purified
compounds.

9. Process according to claim 8, characterised in that said
composition comprising at least one hydrophobic fluorescent
compound is constituted essentially of the hydrophobic part
of a plant or animal extract, or a mixture thereof, and in that
said composition comprising at least one hydrophilic fluores-
cent compound is constituted essentially of the hydrophilic
part of a plant or animal extract, or a mixture thereof.

10. Process for preparing microparticles or nanoparticles
according to claim 9, characterised in that said hydrophobic
part and said hydrophilic part are taken from the same extract
or from two separate extracts.

11. Process for preparing a mixture of at least two
assembled chemical structures or preparation of a mixture of
at least two microparticles or nanoparticles capable of gener-
ating a specific fluorescence signal that is significantly difter-
ent (capable of being distinguished from each other), each of
said assembled chemical structures or said microparticles or
nanoparticles being obtained by a process according to one of
claims 1 to 10, characterised in that:

one at least of the compounds capable of generating a

fluorescence and miscible in the first phase, and one at
least of the compounds capable of generating a fluores-
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cence and miscible in the second phase contained in said
assembled structure is different between said two
assembled structures; or

one at least of the hydrophobic or hydrophilic fluorescent
compounds contained in said particle is different
between said two micro- or nanoparticles.

12. Process for preparing a mixture of at least n assembled
chemical structures or for preparing a mixture of at least n
microparticles or nanoparticles capable of generating a spe-
cific fluorescence signal significantly different between said n
assembled structures or particles or liposomes, each of said
assembled structures or microparticles or nanoparticles being
obtained by a process according to one of claims 1 to 11,
characterised in that it implements for each of said assembled
structures or particles or liposomes a composition in com-
pounds capable of generating a different fluorescence for
each of said assembled structures or particles or liposomes,
and in that n is greater than or equal to 2.

13. Assembled structures or microparticles or nanopar-
ticles, or mixture of assembled structures or microparticles or
nanoparticles, capable of generating a specific fluorescence
signal obtained by a process according to one of claims 1 to
12.

14. Mixture of at least n microparticles or nanoparticles,
capable of generating a specific fluorescence signal different
between each of said particles, characterised in that each of
said particles comprises:

a rigid or fluid wall delimiting at least one intra-particular
space, said wall being of hydrophobic nature and said
intra-particular space being occupied by an aqueous
solution, or, conversely said wall being of hydrophilic
nature and said intra-particular space being occupied by
a solution of hydrophobic nature;

i) when said rigid or fluid wall is of hydrophobic nature and
said intra-particular space is of hydrophilic nature, said
wall comprises at least one hydrophobic fluorescent
compound and said intra-particular space comprises at
least one hydrophilic fluorescent compound,

i) when said rigid or fluid wall is of hydrophilic nature and
said intra-particular space is of hydrophobic nature, said
wall comprises at least one hydrophilic fluorescent com-
pound and said intra-particular space comprises at least
one hydrophobic fluorescent compound; and in that:

for each of said n microparticles or nanoparticles, one at
least of the hydrophobic or hydrophilic fluorescent com-
pounds contained in said rigid or fluid wall and/or in said
intra-particular space is different between these n par-
ticles, and

n being greater than or equal to 2.

15. Mixture of at least n microparticles or nanoparticles
according to claim 13 or 14, characterised in that said par-
ticles are selected from composites/synthetic particles.

16. Mixture of at least n microparticles or nanoparticles
according to one of claims 14 to 15, characterised in that said
particles are particles in which said rigid or fluid wall is of
hydrophobic nature and said intra-particular space is of
hydrophilic nature.

17. Mixture of at least n microparticles or nanoparticles
according to one of claims 14 to 16, characterised in that said
particles are synthetic particles in which the wall is consti-
tuted essentially of polymers selected from polymethyl meth-
acrylate (PMMA), polycaprolactone, polystyrene, latex, cel-
lulose, chitosan, viscose.
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18. Mixture of at least two assembled structures or micro-
particles or nanoparticles according to one of claims 13to 17,
characterised in that

said composition comprising at least one compound mis-

cible in the first phase capable of generating a fluores-
cence or said composition comprising at least one com-
pound miscible in the second phase capable of
generating a fluorescence; or

said composition comprising at least one hydrophobic

compound capable of generating a fluorescence or said
composition comprising at least one hydrophilic com-
pound capable of generating a fluorescence,

is selected from the group constituted of a synthetic or

natural, plant or animal extract, or a mixture of synthetic
or natural extracts, an isolated or purified hydrophobic
or hydrophilic compound capable of generating a fluo-
rescence, or a mixture of said isolated or purified com-
pounds.

19. Mixture of at least two assembled structures or micro-
particles or nanoparticles according to one of claims 13 to 18,
characterised in that said composition comprising at least one
hydrophobic compound capable of generating a fluorescence
is constituted essentially of the hydrophobic part of a plant or
animal extract, or a mixture thereof, and in that said compo-
sition comprising at least one hydrophilic compound capable
of generating a fluorescence is constituted essentially of the
hydrophilic part of a plant or animal extract, or a mixture
thereof.

20. Mixture of at least n assembled structures or n micro-
particles or nanoparticles according to one of claims 13 to 19,
characterised in that said hydrophobic part and said hydro-
philic part within a same particle are taken from the same
extract or two separate extracts.

21. Composition for in vivo diagnosis or for in vivo medi-
cal imaging, characterised in that it comprises a mixture of at
least n assembled structures or n microparticles or nanopar-
ticles according to one of claims 13 to 20.

22. Composition according to claim 21, characterised in
that the external wall of said particle is labelled with the aid of
a specific label of the biological tissue or the cell, or one of the
elements thereof that one wishes to observe or highlight, each
of'the n particles being labelled with the aid of a difterent label
between each of the particles.

23. Kit for in vitro diagnosis, characterised in that the kit
comprises a mixture of at least n assembled structures or n
microparticles or nanoparticles according to one of claims 13
to 20, each of the assembled structures or particles being
preferably labelled with a different label.

24. Composition according to claim 22 or kit according to
claim 23, characterised in that said label is a biological label
capable of attaching itself specifically onto the element that it
is wished to highlight or observe, in particular an antibody
directed specifically against said element.

25. Process for labelling a sample or an object character-
ised in that said sample or object is placed in contact with a
mixture of n assembled structures or n microparticles or
nanoparticles according to one of claims 13 to 20.

26. Process for labelling a sample or an object according to
claim 25, characterised in that the object is comprised in the
group of objects constituted of a work of art, technical parts of
high added value, manufactured objects.

27. Process for labelling a liquid composition character-
ised in that one incorporates in said composition a mixture of
assembled structures or n microparticles or nanoparticles
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according to one of claims 13 to 20, in particular said com-
position being selected from an ink, an injectable liquid or a
nutritive solution.

28. Process for diagnosis, in particular of a pathology or a
stage of advancement or regression of a pathology, from a
biological sample, characterised in that it implements a step
in which one places in contact a mixture of n assembled
structures or n microparticles or nanoparticles according to
one of claims 13 to 20 with said sample and in that one
observes or analyses the fluorescence spectrum emitted by
the sample thereby labelled, in particular at the level of certain
elements of the sample, preferably from a biopsy.

29. Process of authenticating a sample or an object capable
of having been labelled with a particular mixture or combi-
nation of n assembled structures or n microparticles or nano-
particles according to one of claims 13 to 20, characterised in
that it comprises the following steps:

the observation or analysis of the fluorescence spectrum

emitted by the sample or the object capable of being
thereby labelled; and

the comparison of the spectrum thereby obtained with the

specific fluorescence spectrum associated with said mix-
ture or combination,

the sample or the object being determined as authentic if

the two spectra thereby compared are identical.
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30. Object or liquid characterised in that it is labelled with
a specific mixture or combination of n assembled structures
or n microparticles or nanoparticles according to one of
claims 13 to 20.

31. Use of a specific mixture or combination of n
assembled structures or n microparticles or nanoparticles
according to one of claims 13 to 20 as biolabel, for proteomic
analysis, genome analysis, diagnosis in synthetic chemistry,
environmental diagnosis, object traceability or authentica-
tion, or for combatting counterfeits.

32. Process for analysing or detecting the presence of at
least one assembled structure or microparticle or nanopar-
ticle, or a mixture of n assembled structures or n micropar-
ticles or nanoparticles, according to one of claims 13 to 20,
said assembled structure or said particle being capable of
generating an original fluorescence signal, characterised in
that it implements a reading of the fluorescence spectrum
resulting from the separation of the hydrophobic and hydro-
philic phase of the particle by laser confocal microscopy in
order to enable the identification of each spectral component
of said two phases, said fluorescence spectra of each of the
components being specific to the particle analysed.
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