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Description 

TECHNICAL FIELD 

[0001] The present invention is related toa lipid nanoparticle comprising at least one antibiotic from the polymyxin 
family, a pharmaceutical composition comprising said nanoparticle and the use of the nanoparticle in the prevention 
and/or treatment of respiratory tree infections. 

PRIOR ART 

[0002] One ofthe diseases on which chronic and recurring infections dueto multidrug-resistant Gram negative bacteria 
(MDRGN8), for example, due to Pseudomonas aerugínosa, have the greatest effect is cystic fibrosis . The persistence 
of this bacterium is associated, among other causes, with its growth on a biofilm, consisting of a collective structure of 

bacteria that adheres to surfaces, coated with a protective layer secreted by the bacteria themselves, and providing the 
capacity to more effectively resist biocides and antibiotics, withstanding considerably higher doses of antibacterial prod
ucts and causing pulmonary function impairment. 
[0003] Some antibiotics for the treatment of these infections have adverse effects so the use of microsystems or 
nanosystems for administering said antibiotics is of particular interest. The literature describes different uses of these 
systems comprising so me of these antibiotics, such as document US2009169635, which describes polyester type bio
degradable polymeric nanoparticles for systemic administration. 
[0004] Given that the local concentration of antimicrobial or antibiotic agents in the lung is one of the most important 
factors for the successful eradication of bacteria, the alveolar and bronchial epithelium seems to be the most interesting 
place for drug release. 
[0005] The direct administration of antibiotics into the lower airways by means of the administration of aerosols and 
dry powder has potential advantages such as the higher local concentration that can be achieved by means of deposition 
in the alveolar location where the infection is, and therefore inhaled drugs can reduce the onset of systemic adverse 
effects since the administered dose is reduced. 
[0006] Polymyxins are a family of antibiotics that were marketed in the 1950s and 1960s but later fell into disuse due 
to their adverse effects and to the emergen ce of other antibiotics specific for Gram negative bacteria (Shedding light on 
the use of colistin: still gaps to be filled. Enfermedades Infecciosas y Microbiología Clínica, 2011, Volume 29, lssue 4). 

In recent years, dueto the increase in infections caused by MDRGN8 bacteria together with the absence of therapeutic 
alternatives, the use of the antibiotics from the polymyxin family is again on the rise. Nevertheless, the little clinical data 
available about their efficacy and safety make it difficult to assure whether the dosage regimens used today are the most 
suitable. 
[0007] In view of this data, there is accordingly a need to develop medicaments for the treatment of respiratory tree 
infections that overcome the drawbacks of the state of the art. 
[0008] The paper ''Development and comparative anti-microbial evaluation of lipid nanoparticles and nanoemulsion 
of polymyxin 8", by Pattani A. S. et al, discloses a lipid nanoparticle and a nanoemulsion, comprising polymyxin 8, a 
lipid fraction comprising one or more lipids selected from the group consisting of monoglycerides and/or diglycerides, 
and/or fatty acids and/or mixtures thereof, and more than one surfactant. 

DISCLOSURE OF THE INVENTION 

[0009] The inventors have developed lipid nanoparticles comprising at least one antibiotic from the polymyxin family 
that are able to adhere to or interact with the mucosallayer of the respiratory tractor the biofilm generated by the bacteria 
themselves, which favors obtaining optimal mínimum inhibitory concentration results ata lower therapeutic dose of the 
antibiotic. 
[001 O] The nanoparticles of the invention are protected against premature degradation and furthermore present a 

sustained release of the antibiotic into the alveolar and bronchial epithelium. 
[0011] Therefore, one aspect of the invention is to provide a lipid nanoparticle according to claim 1. 
[0012] Another aspect of the invention is related to a pharmaceutical composition comprising the lipid nanoparticles 
defined above together with one or more pharmaceutically acceptable excipients or carriers. 
[0013] Another aspect of the invention is related to the lipid nanoparticle defined above for use as a medicament. 
[0014] The lipid nanoparticles of the invention can be useful in the treatment of infections, particularly respiratory tree 
infections. Therefore, another aspect of the invention is related to the lipid nanoparticle defined above for use as a 
medicament. 
[0015] Another aspect of the invention is related to the lipid nanoparticle defined above for use in the treatment and/or 
prevention of respiratory tree infections. This aspect is therefore related to the use of the lipid nanoparticle defined above 

3 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

EP 3 017 823 B1 

for preparing a medicament for the treatment and/or prevention of an infection, preferably respiratory tree infection, 

preferably caused by P. aeruginosa and/or related species and/or microorganisms sensitive to polymyxins. 

[0016] Another aspect of the invention is related to a method of treating and/or preventing an infection, preferably a 

respiratory tree infection, preferably caused by P. aeruginosa and/or related species and/or microorganisms sensitive 

to polymyxins, which comprises administering a therapeutically effective amount of the lipid nanoparticle defined above, 

together with pharmaceutically acceptable excipients or carriers, in a subject in need of that treatment and/or prevention, 

including a human being. 


[0017] In this sen se, the studies conducted by the inventors have demonstrated the capacity ofthese lipid nanoparticles, 

as well as the pharmaceutical compositions and/or the medicaments comprising these nanoparticles, for: 


obtaining a stable lipid nanoparticle with a sustained and/or regulated release effect of the antibiotic, 

protecting the antibiotic against premature degradation, 

obtaining a particle size suitable for administration in the respiratory tract, 


having the capacity to penetrate the biofilm generated by the bacteria themselves, and 

obtaining better safety and efficacy values than the free antibiotic. 


[0018] These and other advantages and features of the invention will beco me evident in view of the drawings and of 
the detailed description of the invention. 

DESCRIPTION OF THE DRAWINGS 

[0019] 

Figure 1 shows a graphical depiction of the lipid nanoparticles loaded with antibiotic in which the lipid fraction 
comprises a mixture of salid lipids at room temperature and liquid lipids at room temperature. 

Figure 2 shows a microscope photograph of an embodiment of the lipid nanoparticles of the present invention. 

Figure 3 shows an antibiotic release curve over time of the lipid nanoparticles. 

Figure 4 shows an image of the pulmonary distribution of fluorescent microspheres after administration toa CD1 
mouse. 

DETAILED DISCLOSURE OF THE INVENTION 


[0020] The lipid nanoparticle developed by the inventors comprises at least one antibiotic from the polymyxin family, 


a lipid fraction comprising one or more lipids selected from the group consisting of monoglycerides and/or diglycerides 

and/or triglycerides and/or fatty acids and/or mixtures thereof and one or more surfactants. 

[0021] In the context of the present invention, the term "lipid nanoparticle" refers toa matrix comprising a lipid and/or 

lipophilic core, preferably a solidified lipid core, that could comprise nanocompartments containing the lipid in liquid state, 

surrounded by a hydrophilic phase encapsulating the core. 

[0022] Nanoparticles known as nanostructured lipid carriers, which comprise a mixture of salid lipids and liquid lipids 

at room temperature, are included in the scope of the invention. 

[0023] In a particular embodiment, the nanoparticles of the invention are characterized by having an average size 

between about 1 Onm and about 1000 nm, preferably between about 100 nm and about 500 nm. 

[0024] "Average size" is understood as the average diameter of the population of lipid nanoparticles of the present 

invention . The average size can be measured by standard methods known by the person skilled in the art and described, 

for example, in the example section below. 

[0025] Particle size is one of the factors determining the sustained release of the antibiotic. Generally, the antibiotic 

located on the nanoparticle surface is the first to be released. The smaller the nanoparticle size, the larger the specific 

interaction surface it has, so there would be a greater initial release of antibiotic. 

[0026] In anotherembodiment, the nanoparticles have a surface charge (according to the Zeta potential measurement), 

the magnitude of which can range from about -30 m V to about -5 mV, and preferably between -30 mV and -16 m V. 

Generally, surface charge is one of the parameters affecting lipid nanoparticle stability. The fact that they are negatively 

or positively charged will favor the repulsive torces between nanoparticles in preventing cakings, presenting better 

dispersion properties. 

[0027] Considering the positive charge of the lipopolysaccharides of the bacteria! membranes present in the biofilm 

generated by the bacteria themselves and/or present in the pulmonary mucosa, the negative surface charge of the 
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nanoparticles of the present invention favor the nanoparticle-bacterium binding, optimizing the retention and adhesion 

of the nanoparticle in the site of action, favoring a better sustained and therapeutic effect of the antibiotic. 
[0028] In another embodiment, the nanoparticles of the invention have polydispersity index (POI) values equal to or 
less than 0.5. This index provides an idea asto the diversity of nanoparticle sizes existing in a mixture. The closer it is 

5 to zero, the more homogenous the nanoparticles are, which is indicative of a homogenous size distribution of the 

manufactured batches. 
[0029] The mean size, Zeta potential and the POI value of the nanoparticles are primarily affected by the amount of 

lipid component, by the amount of surfactants and by the parameters of the method of preparation, such as the strength 
and type of stirring, the temperature of both phases or the duration of the mixing phase. 

10 

Lipid fraction 

[0030] In a particular embodiment, the lipid fraction of the nanoparticle comprises a mixture of one or more sol id lipids 

at room temperature and one or more liquid lipids at room temperature. 
15 [0031] For the purposes of the invention, room temperature is 20-25°C. Nevertheless, in the context of the present 

invention, "salid lipid at room temperature" is understood as that lipid that remains in salid form under 45°C, being able 
to be saturated or unsaturated. Said definition can include, without limitation, triglycerides (for example tristearin), and/or 

mono- or diglycerides (for example derivatives and mixtures of mono- and diglycerides) and/or fatty acids (for example 
stearic acid) or their derivatives and/or their mixtures, steroids (for example cholesterol) and waxes (for example cetyl 

2o palmita te). Each fatty a cid of these glycerides and the fatty acids separately are normally characterized by having chains 

of between 1 Oand 28 carbon atoms. Those fatty acids, their esters or their a mides having hydroxyl groups as substituents 
of the hydrocarbon chain are included in the definition of derivatives of fatty acids. 
[0032] In a particular embodiment, the lipid fraction comprises a mixture of monoglycerides, diglycerides and/or trig

lycerides. 

25 [0033] In a preferred embodiment, the lipid fraction comprises a mixture of monoglycerides, diglycerides and triglyc
erides of glyceryl palmitostearate (for example, Precirol® ATO 5). 

[0034] In the context of the present invention, "liquid lipid at room temperature" is understood as that lipid that remains 
in liquid form under 45°C, being able to be saturated or unsaturated. Said definition can include, without limitation, oils, 
and/or triglycerides, and/or monoglycerides and/or diglycerides and/or fatty acids and/or fatty acid esters and/or their 

30 mixtures. Each fatty a cid of these glycerides and the fatty acids separately are normally characterized by having chains 

of less than 1 Ocarbon atoms. 
[0035] In a particular embodiment, the liquid lipid fraction comprises triglycerides. 

[0036] In a preferred embodiment, a caprylic a cid triglyceride anda capric acid triglyceride (for example Miglyol® 812) 
is used as a liquid lipid. 

35 [0037] The liquid lipid provides a less orderly structure, increasing the antibiotic load capacity in the nanoparticle core. 
[0038] Figure 1 shows a graphical depiction an example of the lipid nanoparticle comprising a mixture 3 of sol id and 

liquid lipids together with the antibiotic 2. 
[0039] In one embodiment of the invention, the weight ratio (weighUweight) of liquid lipid with respect to sol id lipid is 

comprised between about 0.5:10 and about 5:10. 
40 [0040] In one embodiment of the invention, the weight ratio (weighUweight) of liquid lipid with respect to sol id lipid is 

about 1:10. 
[0041] The use of salid and liquid lipids provides the following advantages to the nanoparticle: 

improved tolerance in the organism and tissues due to the use of physiologically accepted lipids, 
45 possibility of encapsulating both lipophilic and hydrophilic drugs using different methods of preparation, 

they do not show biological toxicity, and 
it is possible to modulate the relea se ofthe antibiotic according to needs. Nanoparticles with a coating rich in antibiotic 
have a significant initial release while nanoparticles with a core rich in drug allow sustained release thereof. 

50 Surfactant 

[0042] As previously stated, the nanoparticles of the invention comprise one or more surfactants. In a particular 

embodiment, the hydrophilic phase of the nanoparticles surrounding the lipophilic core comprises a surfactant. In the 
context of this invention, a surfactant is an emulsifier or emulsifying agent reducing the surface tension of the different 

55 phases required for manufacturing nanoparticles, achieving better interposition thereof and, therefore, nanoparticle 

formation. 
[0043] The surfactants can be cationic, ionic or non-ionic, and they are classified according to their surface charge. 

Examples of cationic surfactants include, without limitation, cetrimide and/or cetylpyridinium chloride; examples of anionic 
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surfactants include, without limitation, docusate sodium, phospholipids and/or sodium lauryl sulfate. 
[0044] The term "non-ionic surfactant" is understood as that compound without any net charge, having a hydrophobic 
part and a hydrophilic part. 
[0045] In a preferred embodiment, the nanoparticle comprises at least one non-ionic surfactant the main functions of 

5 which are to control particle size and to confer stability preventing the formation of aggregates. Examples of non-ionic 
surfactants include, without limitation, polysorbates, polyethylene glycol co-polymers and/or polypropylene glycol co
polymers. In a preferred embodiment, the non-ionic surfactants are polysorbate 80 and/or poloxamer. 

[0046] In a particular embodiment, the non-ionic surfactant proportion is comprised between 0.5% and 2% by weight 
with respect to the total weight of the nanoparticle, preferably 1%. 

10 

Antibiotic 

[0047] An antibiotic or antimicrobial agent is an agent that acts against bacteria! infections by either inhibiting bacteria! 

growth or by giving rise toa chain of biochemical events that will result in bacteriallysis. 
15 [0048] In a preferred embodiment, the lipid nanoparticle comprises at least one antibiotic ofthe colistin or colistimethate 

sodium type. 
[0049] The release of the antibiotic as well as the antibacterial action can be regulated by means of the weight ratio 
of the antibiotic with respect to the lipid fraction. In a particular embodiment, the weight ratio of the antibiotic with respect 
to the lipid fraction is from about 0.25:1 Oto about 4:1 O, preferably being about 1:1 O. 

2o [0050] The antibacterial action of an antibiotic can be measured by means of the minimum inhibitory concentration, 
which consists of the concentration of the antibiotic required to prevent bacteria! growth after the incubation of 1 o4-5 

bacteria in rapid growth phase, in an aerobic, protein-free medium with pH 7.2 for an incubation period of one night. 
This term is used to determine the sensitivity of the bacteria to a specific antibiotic agent. 
[0051] In the context of infection, the ter m "sensitive" means inhibition of the growth of the microorganism and/or death 

25 of the microorganism in the case of a treatment at the therapeutic dose. 
[0052] The weight ratios of the antibiotic-lipid fraction of the different embodiments of the present invention have 
demonstrated a minimum inhibitory concentration that is lower than the free antibiotic. This fact, in addition to being an 
advantage in terms of costs beca use a smaller amount of antibiotic is required for the same therapeutic effect, favors a 
lower probability of acquired bacteria! resistances. 

30 [0053] In the context ofthe invention, the term "acquired bacteria! resistance" is understood as that resistan ce acquired 

by the bacterium through the acquisition of resistance genes from other bacteria and/or through mutation processes. 
Bacteria! resistan ce is directly related, among other causes, with the use of unsuitable doses or durations of antibacterial 
therapy. 

35 Method of preparation 

[0054] The lipid nanoparticles of the present invention can be prepared by means of the solvent emulsification/evap
oration technique or by means of the hot melt homogenization technique. 
[0055] The first technique comprises the following steps: 

40 

a) Preparing a solution/mixture with the lipid fraction together with at least one antibiotic in a solvent organic. 
b) Preparing an aqueous solution with one or more surfactants. 

e) Mixing the oily phase a) and the aqueous phase b) to obtain an emulsion. 
d) Leaving the solvent to evaporate. 

45 e) Washing the obtained nanoparticles by means of centrifugation. 

[0056] In a particular embodiment, the lipid fraction is dissolved in an organic solution between 1 and 10% (weighUvol
ume), preferably between 3 and 7%, and very preferably at 5%, together with at least one antibiotic. On the other hand, 

an aqueous solution with at least one surfactant is prepared. The aqueous phase is added to the oily phase, and the 
50 mixture is emulsified by means of sonication for a specific time. The nanoparticle size, polydispersity index and encap

sulation efficiency will depend on sonication power and sonication time. lt is preferably sonicated between 10W and 
30W, and very preferably between 15W and 25W, for between 15 seconds and 40 seconds, preferably between 25 
seconds and 35 seconds, and very preferably between 29 seconds and 31 seconds. Once the emulsion is obtained, 
the solvent is allowed to evaporate under magnetic stirring for two hours at room temperature. After evaporation, the 

55 obtained nanoparticles are washed by centrifuging and filtering between 1 and 1 Otimes, preferably between 2 and 5 
times, and very preferably 3 times. 
[0057] The second technique comprises the following steps: 
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a) Preparing a mixture of the lipids and at least one antibiotic by heating toa temperature slightly higher than the 

melting point of the salid lipid. 
b) Preparing an aqueous solution with one or more surfactants. 
e) Heating the aqueous solution b) to the same temperature as the oily phase a). 

5 d) Adding the aqueous phase b) to the oily phase a) and mixing to obtain an emulsion. 
e) Maintaining ata temperature of 5°C :.'::: 3°C until the lipids recrystallize . 
f) Washing the obtained nanoparticles by means of centrifugation/ultrafiltration. 

[0058] In a particular embodiment, on one hand the salid and/or liquid lipids and the antibiotics are mixed together 
1o and heated to a temperature slightly higher than the melting point of the salid lipid. On the other hand, an aqueous 

solution with at least one surfactant is prepared. The oily solution and the aqueous solution are heated to the same 
temperature, and the aqueous solution is added to the oily solution once both phases reach the same temperature. The 
mixture is emulsified by means of sonication. As in the preceding method, the nanoparticle size, polydispersity index 

and encapsulation efficiency depend of sonication power and sonication time. lt is preferably sonicated between 1 OW 
15 and 30W, and very preferably between 15W and 25W, for between 1 O seconds and 30 seconds, preferably between 

12 seconds and 16 seconds, and very preferably between 14 seconds and 15 seconds. The obtained emulsion is stored 
for at least between 5 hours and 30 hours, preferably between 1 O hours and 20 hours, and very preferably between 11 
hours and 13 hours, very preferably 12 hours, between 1 oc and 1 ooc, preferably between 2oc and 6°C, and very 
preferably between 3oc and 5°C. The lipids recrystallize in this period forming the nanoparticles. Once the time has 

2o lapsed, the nanoparticles are washed by centrifuging and filtering between 1 and 1 O times, preferably between 2 and 5 
times, and very preferably 3 times, between 1000 rpm and 3500 rpm, preferably at 2000 rpm and 3000 rpm and very 
preferably at about 2500 rpm for between 1 O minutes and 30 minutes, preferably between 12 minutes and 16 minutes, 
and very preferably between 14 minutes and 15 minutes. One of the advantages of this method is that organic solvents 
are not used, thereby preventing the need to conduct tests for determining traces of organic solvents befare commer

25 cialization of the nanoparticles for human consumption. 
[0059] One aspect of this invention is related to the product obtainable by the techniques described above. 

Lyophilization 

30 [0060] In a particular embodiment, the lipid nanoparticle is a lyophilized nanoparticle. Lyophilization allows obtaining 

a dry powder containing the lipid nanoparticles, which provides it with greater stability than lipid nanoparticles in sus
pension, since it prevents nanoparticle degradation and the early release of the antibiotic into the solution in which the 
nanoparticles are suspended. 
[0061] Lyophilization can be performed by standard methods known by the person skilled in the art and described, 

35 for example, in the examples section below. 
[0062] In one embodiment, the lipid nanoparticle of the present invention comprises a cryoprotectant. The cryopro

tectant favors nanoparticle stabilization during the freezing process of the lyophilization process. This cryoprotectant 
can be selected, without limitation, from colloidal Si02 , glycine, lactase, mannitol, trehalose, raffinose, sodium bicarbonate 
and sodium borate. 

40 [0063] In a preferred embodiment, the nanoparticle comprises trehalose as a cryoprotectant. 
[0064] In one embodiment, the lipid nanoparticle comprises between about 5% and about 20% by weight of cryopro
tectant with respect to the weight of the lipid nanoparticle, preferably between 5% and 15%. 

lnfection 
45 

[0065] One aspect of the invention is related to the lipid nanoparticle of the invention for use in the treatment and/or 
prevention of infection, preferably a respiratory tree infection . 
[0066] Another aspect of the invention is related to the use of the lipid nanoparticle of the invention for preparing a 

medicament for the treatment and/or prevention of infection, preferably a respiratory tree infection. 
50 [0067] Another aspect of the invention is related toa method of treatment or prevention of an infection, preferably a 

respiratory tree infection, which comprises administering a therapeutically effective amount of the lipid nanoparticle 
defined above, together with pharmaceutically acceptable excipients or carriers, in a subject in need of that treatment 
and/or prevention, including a human being. 
[0068] The term "infection" includes any infection by Gram negative bacteria and/or bacteria or microorganisms sen

55 sitive to the antibiotics of the polymyxin family. 
[0069] The term "respiratory tree" includes the nasal cavity, pharynx, larynx, trachea, main bronchus and lungs. 
[0070] In the context of the specification, the term "prevention or treatment" means the administration of the nanopar
ticles according to the invention to preserve the health of a patient who is suffering or who is at risk of suffering a bacteria! 
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infection described above. Said terms also include the administration of the nanoparticles according to the invention to 
prevent, improve, alleviate or eliminate one or more symptoms associated with bacteria! infection. In the context of this 
invention, the term "improve" is understood to mean any improvement in the situation ofthe treated patient, that is either 
a subjective improvement (how the patient feels) oran objective improvement (measured parameters). 

5 [0071] In a particular embodiment, the infection in the respiratory tree is caused by Pseudomonas aeruginosa. 
[0072] The nanoparticle of the invention has demonstrated its capacity to adhere to the biofilm generated by the 
bacterium or the actual mucous of the respiratory tree tissue. Therefore in a particular embodiment, the invention is 

related to the use of the lipid nanoparticle of the invention in pulmonary infection associated with cystic fibrosis and/or 
bronchiectasis. 

1o [0073] The lipid nanoparticles of the present invention can form part of a pharmaceutical composition. Said pharma
ceutical compositions include any salid, semi-salidor liquid composition for oral (enteral, sublingual or rectal), topical 
(transdermal or ophthalmic), parenteral (intradermal, subcutaneous, intramuscular, intravenous or intraperitoneal) ap
plication or for direct administration in the respiratory tree. 

[007 4] The pharmaceutical composition comprises the lipid nanoparticle together with pharmaceutically acceptable 
15 excipients or carriers, in a subject in need of that treatment and/or prevention, including a human being. The person 

skilled in the art can determine what additional components can be used and if they are necessary, many of them being 
commonly used in pharmaceutical compositions. 
[0075] In the context of this invention, the expression "therapeutically effective amount" refers to the amount of com
position which is sufficient for preventing or treating one or more symptoms derived from bacteria! infection once ad

20 ministered. The particular dose administered according to the present invention will be determined according to the 
particular circumstances surrounding the case, including the administered compound, the administration route, the 
particular condition being treated and similar considerations. 
[0076] The expression "pharmaceutically acceptable excipients or carriers" refers to pharmaceutically acceptable 
materials, composition or vehicles. Each component must be pharmaceutically acceptable in the sense of being com

25 patible with the other ingredients of the pharmaceutical composition . lt must also be suitable for use in contact with 
human and animal tissues or organs without excessive toxicity, irritation, allergic reaction, immunogenicity or other 
problems or complications in accordance with a reasonable risk-benefit ratio. 
[0077] The pharmaceutical composition can comprise other ingredients such as viscosity modulators, preservatives, 
solubilizers including, without limitation, cyclodextrins, lecithins and/or glycerol monostearate, anti-flocculants including, 

30 without limitation, leucine, and/or stabilizers including, without limitation, alginates, alginic acid and/or trehalose. These 

components will be added to the lipophilic or hydrophilic phase depending on the nature of said components. 
[0078] In a particular embodiment, the pharmaceutical composition comprises the lipid nanoparticles of polymyxin, a 
cryoprotectant, an anti-caking agent and other excipients. The pharmaceutical presentation can be a powder to be 
nebulized in solution or in dry powder for direct administration. 

35 [0079] In a preferred embodiment, it is administered by means of inhaling into the respiratory tract. 
[0080] These administrations by means of inhaling are liquid or salid preparations containing the nanoparticle and/or 

pharmaceutical composition and/or medicament of the invention alone or together with more drugs. The size of the 
particles intended to be inhaled must be suitable for them to be distributed in the lower part of the respiratory tree and 
controlled by methods suitable for determining particle size. The person skilled in the art can determine the processes 

40 and/or devices that can be applied for an optimal administration by means of vapors or aerosols or powders. 

[0081] In another aspect of the invention, the inhaled particle size is comprised between 1 f-lm and 1 Of-lm, preferably 
between 2 f-lm and 8 f-lm, and more preferably between 3 f-lm and 5 f-lm. These sizes allow perfect alveolar deposition 
and lung retention of the therapeutically effective amount. In a particular embodiment, these sizes are obtained by 
aggregating the nanoparticles if they are applied as a dry powder, or by generating a spray with the suitable carrier if 

45 they are administered by means of nebulization. 
[0082] Some illustrative examples which clearly show the features and advantages of the invention are described 
below. However, these examples must not be interpreted as limiting the object of the invention as defined in the claims. 

Examples 
50 

Example 1: Preparation of lipid nanoparticles with antibiotic by means of solvent emulsificationlevaporation technique 

Example 1a: 

55 [0083] 1Omg of colistimethate sodium were mixed in a 100 mg solution of 5% glyceryl distearate (for example Precirol® 
ATO 5) in dichloromethane (final volume of 2 ml). 
[0084] On the other hand, an aqueous solution of surfactants (1% Poloxamer 188 and 1% Polysorbate 80) was 
prepared. The aqueous phase was added to the oily phase, and the mixture was emulsified by means of sonication at 

8 



5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

EP 3 017 823 B1 

20 W for 30 seconds. lt was then left under magnetic stirring for two hours so that the solvent evaporated. 

[0085] After evaporation, the obtained nanoparticles were washed by centrifuging 3 times at 2500 rpm for 15 minutes 
using Amicon® Ultra (Millipore) filters. 

Example 1 b: 

[0086] Some of these nanoparticles were lyophilized, subjecting them to the following steps: 

a) Adding 15% trehalose with respect to the total weight of the lipid fraction . 

b) Freezing at -20°C and then at -80°C. 


e) Freezing at -50°C ata pressure of 10,000 m bar for 3 hours. 

d) Applying a vacuum at -50°C until obtaining a pressure of 0.20 m bar. 

e) Drying at -50°C ata pressure of 0.20 m bar for 5 hours. 


f) Drying at 20oc ata pressure of 0.20 m bar for 7 hours. 


g) Drying at 20oc at ambient pressure for 24 hours. 


Example 2: Preparation of lipid nanoparticles with antibiotic by means of hot melt homogenization technique. 

Example 2a: 


[0087] A mixture of 1000 mg of Precirol® ATO 5 and Miglyol® 812 was prepared ata ratio of 10:1 together with 100 

mg of colistimethate sodium ata temperature slightly higher than the melting point of the salid lipid . 

[0088] On the other hand, an aqueous solution of surfactant (0.6% Poloxamer 188 and 1.3% Polysorbate 80) was 


prepared. 


[0089] The lipid solution and the aqueous solution were heated to the same temperature (toa temperature between 

about 5°C and 1 ooc higher than the melting temperature of the lipids). 


[0090] The aqueous phase was added to the oily phase, and the mixture was emulsified by means of sonication at 

20W for 15 seconds. The obtained emulsion was stored for 12 hours at 4oc so that the lipids could recrystallize and 


form the nanoparticles. 

[0091] The obtained nanoparticles were washed by centrifuging 3 times at 2500 rpm for 15 minutes using Amicon® 


Ultra (Millipore) filters . 


Example 2b: 


[0092] So me of these nanoparticles were lyophilized, subjecting them to the steps mentioned in Example 1 b. 


Example 3 (reference example): Preparation of lipid nanopartic/es without antibiotic 

[0093] Several batches of lipid nanoparticles without antibiotic, with different weight ratios of liquid lipid with respect 
to salid lipid, were prepared according to the method described in Example 2. The ratios were: 0.5:1 O; 1:1 O; 2.5:1 Oand 

5:10. 

Example 4 Characterization of the nanoparticles 

[0094] The particle size and the Zeta potential were characterized by means of a Zetasizer Nano ZS. The following 

table describes the mean results obtained with the batches manufactured according to Examples 1, 2 and 3: 

Batches Liquid lipid- salid lipid ratio Size (nm) Zeta Potential (mV) Polydispersity index (POI) 

Example 1a 0:10 196::':: 20 -20 ::':: 1 0.27 

Example 1b 0:10 303 ::':: 39 -21 ::':: 2 0.27 

Example 2a 1:1 o 219 ::':: 23 -24 ::':: 1 0.33 

Example 2b 1:1 o 500 ::':: 42 -23 ::':: 2 0.55 

Example 3 0.5:10 397 ::':: 44 -16 ::':: 1 0.35 

Example 3 1:1 o 248 ::':: 46 -25 ::':: 2 0.38 
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(continued) 

Batches Liquid lipid- sol id lipid ratio Size (nm) Zeta Potential (mV) Polydispersity index (POI) 

Example 3 2.5:10 401 ~56 -31 ~ 2 0.46 

Example 3 5:10 396~ 56 -31 ~ 1 0.46 

[0095] lt can be observed from this table that nanoparticles with a size, Zeta potential and POI that are optimum for 
good nanoparticle stability and homogeneity were obtained. 

Example 5: Encapsu/ation efficiency. 

[0096] The antibiotic encapsulation efficiency was determined by determining the amount of antibiotic present in the 
supernatant after the washing process described in Examples 1 and 2. The antibiotic present in the supernatant was 

analyzed by HPLC using a Waters 1525 HPLC Binary Pump (Waters Corp., Milford, USA), a Waters 2487 ultraviolet 
detector and a Waters 717 plus automatic injector. The system was controlled by the Empower software. The selected 

column was Novapak C 18 x 150 mm with a pare size of 4 fLm. 

[0097] The mobile phase was made up of a 77% aqueous solution and of 23% acetonitrile. The aqueous phase was 
prepared by dissolving (7.1 g) sodium sulfate, (0.6 g) acetic acid and (2.2 g) phosphoric acid and adjusted to pH 2.5 

with triethylamine for 1 liter of aqueous solution. Colistimethate sodium was detected ata wavelength of 206 nm. The 

flow rate was 1.5 ml/min for an isocratic elution . 50 fLI of sample dissolved in water were injected . lt was observed that 
the assay was linear for 100-800 fLQ/ml, no interference being detected. 
[0098] The encapsulation efficiency was determined using the following formula: 

EE(%)= 100 * (initial amount of antibiotic- amount of non-encapsulated antibiotic)/ 

initial amount of antibiotic). 

[0099] The batches manufactured according to the method of manufacture described in Example 1 gave mean values 
of 80 ~ 7%, and the batches manufactured according to the method described in Example 2 gave mean val u es of 95~4%. 
These values are indicative that the effectiveness of the method of preparation has values clase to 100%, assuring 

maximum use of the antibiotic added to the process of manufacture. 

Example 6: In vitro assays for determining the mínimum inhibitory concentration (M/C) . 

[01 00] 1 00 fLI of a concentration of 104 Colony Form ing U nits (CFU)/m 1 of 31 P. aeruginosa strains obtained from 31 
patients with cystic fibrosis, 13 strains ofwhich were mucus producers, were incubated for 24 hours at 3rC in a Mueller 
Hinton broth, cation-adjusted (MHBCA) medium, corresponding to between 20 mg and 25 mg per liter of calcium and 

between 1 Omg and 12.5 mg per liter of magnesium, assuring the reproducibility of the results for P. aeruginosa, in the 
presence of colistimethate sodium, and nanoparticles obtained according to Examples 1 b and 2b, at different concen

trations (less than 0.25, 0.25, 0.5, 1, 2, 4, 8 and 32 fLQ/ml). 
[0101] For colistimethate sodium, an MIC of 2 fLQ/ml was obtained for 48% of the strains, an MIC of 1 fLQ/ml was 

obtained for 25% of the strains and an MIC of 0.5 fLQ/m 1 was obtained for 16% of the strains. An M IC of 4 fLQ/ml was 
obtained for the remaining strains. 

[01 02] In the case of the nanoparticles obtained according to Example 1 b, an MIC of 2 fLQ/ml was obtained for 52% 
of the strains, an MIC of 1 fLQ/ml was obtained for 25% of the strains, an MIC of 0.5 fLQ/ml was obtained for 13% of the 

strains andan MIC of less than 0.25 fLQ/ml was obtained for 3% of the strains. An MIC of 4 fLQ/ml was obtained for the 
remaining strains. 

[01 03] In the case of the nanoparticles obtained according to Example 2b, an MIC of 1 fLQ/ml was obtained for 42% 

of the strains, an MIC of 0.5 fLQ/ml was obtained for 23% of the strains, an MIC of 0.25 fLQ/ml was obtained for 10% of 
the strains, an MIC of less than 0.25 fLQ/ml was obtained for 3% of the strains, an MIC of 2 fLQ/ml was obtained for 16% 
of the strains and an MIC of more than 4 fLQ/ml was obtained for the remaining strains. 

[01 04] These results demonstrate that the nanoparticles of the present invention have a better MIC val u e than the 
free antibiotic. 

10 
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Example 7: Release studies 

[01 05] On one hand, a sample of 25 mg of nanoparticles prepared according to the method described in Example 1 b 
was incubated, and on the other hand, a sample of 25 mg of nanoparticles prepared according to the method described 

5 in Example 2b was incubated, each being incubated in 5 mi of PBS. The samples were centrifuged using Amicon® Ultra 

(Millipore) filters for 15 minutes at pre-established times. The antibiotic present in the supernatant was analyzed by 
HPLC according to Example 5. The PBS removed by centrifugation was replaced with new PBS. Figure 3 shows the 

percentage of released antibiotic with respect to the total amount of antibiotic encapsulated in the nanoparticle for each 
nanoparticle type over time (hours) . 

1o [01 06] Given their size, the lipid nanoparticles have a large specific surface. When they are contacted with the PBS, 

first the drug associated with the nanoparticle surface or very clase to the nanoparticle surface is released. This first 
rapid release phase is called a burst. In a second phase, the active ingredient is released by degradation/erosion or by 
swelling of the particle core, giving rise to the sustained release phase. In the case of antimicrobial therapy, the antibiotic 

levels were optimal for inhibiting growth of P. aeruginosa bacteria in vitro. 
15 

Example 8: In vivo toxicity assays and distribution ofthe nanoparticles manufactured according to Examples 1 b and 2b 

in CD1 mice 

[01 07] To carry out the in vivo toxicity and efficacy assays of the nanoparticles of the present invention, it was necessary 

2o to establish a rodent infection model. An intratracheal administration of different concentrations of mucosa producing P. 

aeruginosa included in microspheres (Concentration 1: 5x1 04 CFU, Concentration 2: 2.4x1 07 CFU, and Concentration 

3: 3.89x1 010), obtained from a patient with cystic fibrosis, suspended in PBS, in CD1 m ice was carried out, administering 
a different concentration to each rodent, to establish the optimum concentration for generating a suitable pulmonary 

infection, capable of making the rodents sick without causing their immediate death. lt was concluded that the optimum 

25 concentration was 2.4x107 CFU since the m ice managed to survive for more than three days and it was confirmed after 
sacrificing them that they had a pulmonary infection. 

[01 08] A toxicity study of the nanoparticles manufactured according to Example 1 b and Example 2b administered 
intratracheally was carried out. 1.2 mg of nanoparticles in 50 microliters of PBS (optimum amount to prevent excessive 
mixture density) were administered toa group of 16 CD1 mice, in addition to establishing the corresponding control 

30 groups (5 m ice) to which no product was administered. Up to three days after the administration, all the m ice presented 

standard behavior, responding to stimuli and moving normally. After those three days, the mice were sacrificed, a 
bronchoalveolar lavage was performed and lung samples were obtained and prepared for analysis for the anatomical

pathological study thereof. The study of the samples did not reveal any inflammation or damage in the studied tissues 
that may have been caused by the nanoparticles of the present invention. 

35 [0109] Additionally, 6 f.lm microspheres in 50 f.ll (equivalent to those used for inducing infection) loaded with a fluo
rescent reagent or fluorophore (excitation wavelength: 630-660 nm and emission wavelength 670-720 nm) in arder to 

enable assuring that the administration technique was effective and that the microspheres are effectively deposited on 
the lung for the most part, were administered. Figure 4 shows an image ofthe lungs of a CD1 m o use after the intratracheal 
administration of 1 x 1 os fluorescent microspheres. The animal was sacrificed 5 minutes after administering the micro

40 spheres. The microspheres (AiignFiowTM polystyrene microspheres 6.0 f.lm in diameter, /cex: 630-660 nm, /cem: 670-720 

nm, lnvitrogen) were administered resuspended in 50 f.ll of PBS. Localization was performed with a Pearl-lmpulse 
imaging system (LI-COR Biosciences, USA). The image shows the homogenous distribution of the fluorescent reagent 

2 in the entire lung 1 of the rodent. 

45 Example 9: In vivo efficacy assays in CD1 mice ofthe nanoparticles manufactured according to Examples 1b and 2b 

[011 O] Five m ice were u sed as the control group and 64 m ice infected with the inoculation of the bacteria of a mucosa 
producing P. aeruginosa strain, ata concentration of 2.4x 107 CFU, as explained in Example 8, were used. The infected 

animals were divided into 4 groups of eight, medium (PBS), the free antibiotic (colistimethate sodium), nanoparticles 
50 manufactured according to Example 3 and the equivalent amount of antibiotic in the form of nanoparticles manufactured 

according to Example 1 b and Example 2b, respectively, being intratracheally administered to the animals on the third 
day after inoculation. The amounts were calculated by adjusting the dose recommended in humans with respect to the 

weightofthe m ice (3000 IU, equivalent to 0.24 mg offree colistimethate sodium, equivalentto 2.88 mg ofthe nanoparticles 
according to Example 1b and 2.52 mg of nanoparticles according to Example 2b) . 

55 [0111] Treatment was prolonged for three days, being administered once a day to prevent subjecting the mice to 

excessive harm dueto the successive administration of anesthesia and intratracheal administration. Once this time has 
lapsed, the animals were sacrificed, the lungs extracted and homogenized, andan agar culture was prepared to enable 

carrying out a P. aeruginosa bacteria count. From the obtained results, it was concluded that the nanoparticles of the 

11 
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present invention have a greater bactericida! effect as a count significantly lower than that corresponding to free colis

timethate was obtained. The following table details the results obtained for each case: 

Group Bacteria! count (log CFU for every 2 lungs) 

Only medium 6.7 ::'::: 0.3 

Empty nanoparticles 6.8 ::'::: 0.2 

Free colistimethate sodium 4.9 ::'::: 0.2 

Nanoparticles according to Example 1 b 4.2 ::'::: 0.2 

Nanoparticles according to Example 2b 3.8 ::'::: 03 

Example 10: The median inhibition concentration value (IC50) assay ofthe nanoparticles manufactured according to 
15 Examples 1b and 2b in human cel/s. 

[0112] The median inhibition concentration value (IC50) refers to the concentration of an assayed sample required to 
inhibit the growth of the 50% of the cell population. In this case IC50 value was estimated as a toxicity marker, as the 
cell viability assay is run under human cell (A549 and H441 celllines, which are immortalised lines derived from human 

2o adenocarcinomic epithelial cell). Cells (ata density of 12,000 cells per well in a 96-well plate) were grown in Dulbecco's 

Modified Eagle Medium (DMEM) supplemented with 10% foetal bovine ser u m (FBS), 1% L-glutamine, 1% penicillin/strep
tomycin solution and 1% of Minimum Essential Medium non-essential a mino acids 1 OOx (MEM-NEM) at 37 oc and 5% 
C02 for 24 hours. Decreasing concentrations of nanoparticles 1 b and 2b and free colistimethate sodium, starting from 

10mg/ml to 0.07812mg/ml were added to the cells, diluted in DMEM supplemented with 0.5% serum and incubated at 

25 3r ::'::: 2°C and 5% C02 for 24h . Cell viability was assessed by means of the Cell Counting Kit 8 after a washing step. 
With this aim, 1 O% of CCK-8 reagent was added to each well and incubated in a wet chamber for 4 hours at 3r ::'::: 2°C 
and 5% C02_ Subsequently, the absorbance was read at 450nm and at 650nm as the reference wavelength. The 

absorbance was directly proportional to the number of living cells in culture. The results are given as 50% of living cells, 
meaning that this dose inhibits the growth of the 50% of the population. The test was run in triplicate for each sample. 

30 This study revealed that nanoencapsulation of the antibiotic led to lower IC50 values, hence less toxic formulation. In 

addition, it should be also underlined that this IC50 values are above the 1 to 2 ¡..t.g/ml reported as MIC. The following 

table details the results obtained for each case: 

H441 cellline A549 cell line 

Example 1b 358.49 ::'::: 73.86 ¡..t.g/ml 1309.97 ::'::: 318.69 ¡..t.g/ml 

Example 2b 1087.14 ::'::: 197.43 ¡..t.g/ml 2821 .57 ::'::: 877.09 ¡..t.g/ml 

Free colistimethate sodium 6.58 ::'::: 0.72 ¡..t.g/ml 101.27 ::'::: 14.44 ¡..t.g/ml 

40 

Claims 

1. 	 A lipid nanoparticle comprising: 

45 

- at least one antibiotic from the polymyxin family selected from colistin and colistinmethate sodium, 


- a lipid fraction comprising one or more lipids selected from the group consisting of monoglycerides and/or 


diglycerides and/or triglycerides, and/or fatty acids and/or mixtures thereof, and 

- one or more surfactants, 


50 

wherein the lipid fraction comprises mixtures of one or more salid lipids under 45°C 

and one or more liquid lipids under 45°C, wherein the weight ratio of liquid lipid with 


respect to salid lipid is comprised between 0.5:1 O and 5:1 O. 


55 2. The lipid nanoparticle according to claim 1, wherein the weight ratio of liquid lipid with respect to salid lipid is 1:1 O. 

3. 	 The lipid nanoparticle according to claim 1 or 2, wherein the weight ratio of the antibiotic with respect to the lipid 

fraction is comprised between about 0.25:1 O and about 4:1 O, preferably being about 1:1 O. 
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4. 	 The lipid nanoparticle according to any of the preceding claims, wherein the weight proportion of surfactant with 

respect to the total weight of the nanoparticle is comprised between about 0.5% and about 2%, preferably being 

about 1%. 

5 5. 	 The lipid nanoparticle according to any of the preceding claims, wherein the surfactants are non-ionic. 

6. 	 The lipid nanoparticle according to any of the preceding claims, comprising a cryoprotectant. 

7. 	 The lipid nanoparticle according to any of the preceding claims, which lipid nanoparticle is lyophilized . 
10 

8. 	 A pharmaceutical composition comprising the lipid nanoparticle according to any of the preceding claims together 
with one or more pharmaceutically acceptable excipients or carriers . 

9. 	 The lipid nanoparticle according to any of the preceding claims for use as a medicament. 
15 

1O. 	 The lipid nanoparticle according to anyofthe preceding claims for use in the treatment and/or prevention ofrespiratory 

tree infections. 

11. The lipid nanoparticle for use according to claim 1 O, where the respiratory tree infections are caused by Pseudomona 

2o aeruginosa and/or microorganisms sensitive to polymyxins. 

12. 	The lipid nanoparticle according to any of the preceding claims which is administered by means of inhaling into the 
respiratory tract, in the form of vapors or sprays or powders, wherein the inhaled particle has a size between about 

1 11m and about 1 O fLm , preferably between 1.5 11m and 5 11m and more preferably between 2 11m and 4 fLm. 
25 

Patentansprüche 

1. 	 Lipidnanopartikel, umfassend: 
30 

- mindestens ein Antibiotikum aus der Polymyxinfamilie, ausgewahlt aus Colistin und Colistinmethat-Natrium, 

- eine Lipidfraktion, die ein oder mehrere Lipide umfasst, die ausgewahlt sind aus der Gruppe, bestehend aus 
Monoglyceriden und/oder Diglyceriden und/oder Triglyceriden und/oder Fettsauren und/oder Gemischen davon, 

und 
35 - ein oder mehrere Tenside, 

wobei die Lipidfraktion Gemische aus einem oder mehreren testen Lipiden unter 45 oc 
und ein oder mehrere flüssige Lipide unter 
45 oc umfasst, wobei das Gewichtsverhaltnis van flüssigem Lipid zu festem Lipid zwischen 0,5:1 O und 5:1 O liegt. 

40 

2. 	 Lipidnanopartikel nach Anspruch 1, wobei das Gewichtsverhaltnis van flüssigem Lipid zu festem Lipid 1:1 O betragt. 

3. 	 Lipidnanopartikel nach Anspruch 1 oder 2, wobei das Gewichtsverhaltnis des Antibiotikums in Bezug auf die Lipid
fraktion zwischen ca. 0,25:10 und ca . 4:10 liegt und vorzugsweise ca . 1:10 betragt. 

45 

4. 	 Lipidnanopartikel nach einem der vorhergehenden Ansprüche, wobei der Gewichtsanteil des Tensids in Bezug auf 
das Gesamtgewicht des Nanopartikels zwischen ca. 0,5 % und ca. 2 % liegt und vorzugsweise ca. 1 % betragt. 

5. 	 Lipidnanopartikel nach einem der vorhergehenden Ansprüche, wobei die Tenside nichtionisch sind. 
50 

6. 	 Lipidnanopartikel nach einem der vorhergehenden Ansprüche, umfassend ein Gefrierschutzmittel. 

7. 	 Lipidnanopartikel nach einem der vorhergehenden Ansprüche, wobei das Lipidnanopartikel gefriergetrocknet ist. 

55 	 8. Pharmazeutische Zusammensetzung, umfassend das Lipidnanopartikel nach einem der vorhergehenden Ansprü

che zusammen mit einem oder mehreren pharmazeutisch vertraglichen Exzipienten oder Tragern. 

9. 	 Lipidnanopartikel nach einem der vorhergehenden Ansprüche zur Verwendung als Medikament. 

13 
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15 

25 

35 

45 

1O. 	 Lipidnanopartikel nach einem der vorhergehenden Ansprüche zur Verwendung bei der Behandlung und/oder Pra

vention van lnfektionen der unteren Atemwege. 

11. 	Lipidnanopartikel zur Verwendung nach Anspruch 1 O, wobei die lnfektionen der unteren Atemwege durch Pseudo-
mona aeruginosa und/oder Mikroorganismen verursacht werden, die gegenüber Polymyxinen empfindlich sind. 

12. 	Lipidnanopartikel nach einem der vorhergehenden Ansprüche, das mittels Einatmen in die Atemwege in Form van 

Dampfen oder Sprays oder Pulvern verabreicht wird , wobei das inhalierte Partikel eine Gror..e zwischen ca. 1 11-m 

und ca. 1 O 11-m, vorzugsweise zwischen 1,5 11-m und 5 11-m und bevorzugter zwischen 2 11-m und 4 11-m, aufweist. 

Revendications 

1. 	 Nanoparticule lipidique comprenant : 

- au moins un antibiotique de la famille des polymyxines choisi parmi la colistine et le colistiméthate sodique, 

- une fraction lipidique comprenant un ou plusieurs lipides choisis dans le groupe constitué par les monoglycé
rides etlou les diglycérides etlou les triglycérides etlou les acides gras etlou leurs mélanges et 
- un ou plusieurs tensioactifs, 

dans laquelle la fraction lipidique comprend des mélanges d'un ou plusieurs lipides solides a une température 
inférieure a45°C 
et un ou plusieurs lipides liquides a une température inférieure a45° e, dans laquelle le rapport pondéral entre 

lipide liquide et 

lipide solide est compris entre 0,5:10 et 5:10. 

2. 	 Nanoparticule lipidique selon la revendication 1, dans laquelle le rapport pondéral entre lipide liquide et lipide solide 

estde 1:10. 

3. 	 Nanoparticule lipidique selon la revendication 1 ou 2, dans laquelle le rapport pondéral entre l'antibiotique et la 

fraction lipidique est compris entre enviran 0,25:1 O et enviran 4:1 O, de préférence enviran 1:1 O. 

4. 	 Nanoparticule lipidique selon l'une quelconque des revendications précédentes, dans laquelle la proportion pondé
rale de tensioactif par rapport au poids total de la nanoparticule est comprise entre envi ran 0,5 % et enviran 2 %, 

de préférence enviran 1%. 

5. 	 Nanoparticule lipidique selon l'une quelconque des revendications précédentes, dans laquelle les agents tensioactifs 

sont non ioniques. 

6. 	 Nanoparticule lipidique selon l'une quelconque des revendications précédentes, comprenant un cryoprotecteur. 

7. 	 Nanoparticule lipidique selon l'une quelconque des revendications précédentes, laquelle nanoparticule lipidique est 

lyophilisée. 

8. 	 Composition pharmaceutique comprenant la nanoparticule lipidique selon l'une quelconque des revendications 

précédentes, conjointement avec un ou plusieurs excipients ou véhicules pharmaceutiquement acceptables. 

9. 	 Nanoparticule lipidique selon l'une quelconque des revendications précédentes, destinée a étre utilisée comme 

médicament. 

10. 	Nanoparticule lipidique selon l'une quelconque des revendications précédentes, destinée a étre utilisée dans le 
traitement etlou la prévention des infections de l'appareil respiratoire. 

11. 	Nanoparticule lipidique autiliser selon la revendication 1 O, dans laquelle les infections de l'appareil respiratoire sont 

causées par Pseudomona aeruginosa etlou des microorganismes sensibles aux polymyxines. 

12. 	Nanoparticule lipidique selon l'une quelconque des revendications précédentes, qui est administrée par inhalation 

dans les voies respiratoires, sous forme de vapeurs ou de pulvérisations ou de poudres, la particule inhalée ayant 
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une taille camprise entre enviran 1 11m et enviran 1 O fLm, de préférence entre 1,5 11m et 5 11m et de préférence 

encare entre 2 11m et 4 fLm. 

15 
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Fig. 2 
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