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(57) Abstract: The present invention relates to a pharmaceutical composition comprising 
the combination of (i) at least one biocompatible nanoparticle and of (ii) at least one car
rier comprising at least one pharmaceutical compound, to be administered to a subject in 

a) b) need of such a pharmaceutical compound, wherein the combination of the at least one 
S* biocompatible nanoparticle and of the at least one carrier comprising the pharmaceutical 

** compound(s) potentiates the compound(s)of interest efficiency. The longest dimension of 
the biocompatible nanoparticle is typically between about 4 and about 500 nm and its ab 

c) * d) solute surface charge value is of at least 10 mV(|10 m VI). The carrier is in addition 
devoid of any surface sterically stabilizing agent. The invention also relates to such a 
composition for use for administering the pharmaceutical compound(s) in a subject in 
need thereof, wherein the at least one biocompatible nanoparticle and the at least one car 

-* cp nw- rier comprising the at least one pharmaceutical compound are to be administered separ
ately in a subject in need of said pharmaceutical compound, typically between more than 
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PHARMACEUTICAL COMPOSITION, PREPARATION AND USES THEREOF 

FIELD OF THE INVENTION 

5 The invention relates to a pharmaceutical composition comprising the combination of (i) at 

least one biocompatible nanoparticle and (ii) at least one carrier comprising at least one 

compound of interest, typically at least one pharmaceutical compound, to be administered 

to a subject in need of such at least one compound of interest, wherein the combination of 

the at least one biocompatible nanoparticle and of the at least one carrier comprising at 

10 least one compound of interest potentiates the compound(s) of interest's efficiency. The 

longest dimension of the biocompatible nanoparticle is typically between about 4 and 

about 500 nm, and its absolute surface charge value is of at least 10 mV (110 mVI). The 

carrier is devoid of any surface sterically stabilizing agent.  

The invention also relates to such a composition for use for administering the compound(s) 

15 of interest in a subject in need thereof, wherein the at least one nanoparticle on one side 

and the at least one carrier comprising the compound(s) of interest on the other side are 

preferably to be administered in said subject sequentially, typically between more than 5 

minutes and about 72 hours one from each other.  

The combined, and typically sequential, administration to the subject of the at least one 

20 biocompatible nanoparticle and of the at least one carrier comprising the compound(s) of 

interest maintains the pharmaceutical (i.e. therapeutic, prophylactic or diagnostic) benefit 

of said compound(s) of interest for a reduced toxicity thereof in said subject, or increases 

its pharmaceutical benefit for an equivalent or reduced toxicity, when compared to the 

pharmaceutical benefit and toxicity induced by said compound(s) when administered at the 

25 standard pharmaceutical dose, typically in the absence of any biocompatible nanoparticle 

and/or carrier.  

The pharmaceutical composition of the invention typically allows a reduction of at least 

10% of the administered compound(s) pharmaceutical dose(s) when compared to the 

standard pharmaceutical dose(s) of said compound(s), typically in the absence of any 

30 biocompatible nanoparticle and/or carrier, while maintaining the same pharmaceutical 

benefit for an equivalent toxicity, preferably a reduced toxicity, for the subject, or while 

increasing the pharmaceutical benefit for an equivalent or reduced toxicity for the subject.
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BACKGROUND 

The use of nanotechnologies to deliver therapeutic and diagnostic agents in a safer and 

more efficient manner to patients has led to an increased interest in the field during the last 

5 decades. Drug delivery systems, typically carriers such as liposomes, emulsions or 

micelles, intended to maximize the therapeutic efficacy of drugs thanks to the control of 

their biodistribution profile have emerged. Those systems offer the possibility to 

encapsulate a poorly soluble drug, to protect a drug from destruction or elimination, and/or 

to modify the blood circulation and distribution of a drug.  

10 The observed rapid blood clearance of the first generation of drug delivery systems (DDSs) 

(due to their capture by the mononuclear phagocytic system (MPS)) has prompted the 

development of a second generation of DDSs exhibiting a surface modified by sterically 

stabilizing agents selected to bring "stealth" properties to the DDS when attached to its 

surface. These agents are typically flexible and/or hydrophilic polymers, such as 

15 polyethylene glycol (PEG) polymers and typically may bring surface charges that are 

slightly negative or positive. Steric stabilization prevents non-specific binding of the 

DDS's surface to blood components and reduce its rapid uptake and clearance in vivo by 

cells of the mononuclear phagocytic system (MPS), leading to prolonged DDS blood 

circulation times [Jain K.R. and Stylianopoulos T. Delivering nanomedicine to solid 

20 tumors. Nature Reviews. Clinical Oncology 2010, 7, 653-664]. Liposomal long-circulating 

nanoparticulate pharmaceutical drug delivery systems (NDDSs) are the most frequently 

studied type of NDDS; however, synthetic amphiphilic polymers have also been used to 

sterically stabilize other types of NDDS to alter their biodistribution [Torchilin V.P.  

Multifunctional, stimuli-sensitive nanoparticulate systems for drug delivery. Nature 

25 Reviews. Drug Discovery 2014, 13, 813-827].  

Despite of this increased blood circulation time (i.e. enhanced blood transportation), which 

was thought as beneficial for the delivery of the therapeutic compound to its target site, the 

flexible and/or hydrophilic polymer coating, typically the PEG coating, was found to 

compromise the intracellular delivery of the pharmaceutical compound (i.e. the release of 

30 the compound at its target site), which ultimately resulted in a loss of activity for the 

delivery system. A way to overcome this limitation is to use cleavable PEG systems.  

However, the increase complexity in the design of such carriers may generate difficulties 

in the reproducibility of the carrier surface properties, resulting in batch-to batch
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unacceptable variability. Moreover, the extend of exposure of those "stealth" DDS has 

been related with more adverse events. DOXIL, a PEGylated liposomal formulation 

comprising doxorubicin, was for instance found to produce serious adverse events, such as 

the hand-foot syndrome or mucositis. The hydrophilic coating of the liposomes was 

5 questioned as perhaps facilitating their accumulation in eccrine sweat gland in palms and 

planta [Pegylated liposomal doxorubicin-related palmar-plantar erythrodysesthesia ('hand

foot' syndrome). D. Lorusso et al. Annals of Oncology. 2007; 18, 1159-1164].  

W02005/063305 relates to an assembly comprising a gas-filled microvesicle (with a size 

typically of at least 0.5 gin) and a component (with a size about below 100 nm) associated 

10 to said microvesicle. The resulting assembly is to be used as a pharmaceutically active 

component in diagnostically and/or therapeutically active formulations. The two 

components, i.e. the gas-filled microvesicle and the microvesicle associated component, 

are administered simultaneously typically for enhancing the imaging in the field of 

ultrasound contrast imaging, including targeted ultrasound imaging, ultrasound-mediated 

15 drug delivery and other imaging techniques.  

As apparent from the prior art and despite of a long medical need, the safe and efficient 

delivery of pharmaceutical compounds (including therapeutic, prophylactic as well as 

diagnostic compounds) to their target site(s) remains a concern. There is a clear need to 

improve the compound's efficacy and safety, or in other words the pharmaceutic 

20 compound's transport and release, in order for said compound to reach its target site in a 

subject in the necessary and sufficient quantity to get the desired diagnostic, therapeutic or 

prophylactic effect.  

DETAILED DESCRIPTION 

25 

The present invention now allows optimization of the efficiency of a compound of interest 

(herein also simply identified as "the compound") whatever its intended use in the context 

of therapy, prophylaxis or diagnostic. The composition herein described which is a 

combination of (i) at least one biocompatible nanoparticle and of (ii) at least one carrier 

30 comprising at least one compound of interest, optimize the at least one compound of 

interest's pharmacokinetic parameters, and, as a consequence, now renders possible the 

development of pharmaceutic compounds which could not have been developed otherwise 

due for example to their unacceptable toxicity. Typically, the biocompatible nanoparticle is
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not used as such as a pharmaceutical compound, i.e. as a therapeutic, prophylactic or 

diagnostic compound.  

A typical composition of the invention (herein generally identified as "pharmaceutical 

5 composition") is a composition comprising the combination of (i) at least a biocompatible 

nanoparticle and (ii) at least a carrier comprising at least one compound ("the compound of 

interest"), wherein the longest or largest dimension of the biocompatible nanoparticle is 

typically between about 4 nm and about 500 nm, and the absolute surface charge value of 

the biocompatible nanoparticle is of at least 10 mV, and wherein the carrier is devoid of 

10 any surface sterically stabilizing agent, i.e. devoid of flexible and/or hydrophilic polymer, 

preferably devoid of hydrophilic polymer bearing a slightly negative or positive charge to 

the carrier's surface, such as PEG.  

Typically, the ratio between the (at least one) biocompatible nanoparticles and the (at least 

one) carriers comprising at least one compound of interest is between 0.1/1 and 1000/1 or 

15 0.5/1 and 1000/1, preferably between 0.5/1 and 500/1, even more preferably between 0.5/1 

and 300/1.  

The terms "about" and "around" when associated to a value such as for example a 

nanoparticle' size or a time interval indicates that a variation with the indicated value, 

20 which would be recognized by the skilled person as small variation, does not substantially 

impact the properties of the subject-matter it is associated to and that said subject-matter 

remains in the spirit of the claimed invention.  

A preferred objet of a the invention is a pharmaceutical composition comprising the 

25 combination of (i) at least one biocompatible nanoparticle and of (ii) at least one carrier 

comprising at least one compound of interest, typically at least one pharmaceutical 

compound, wherein the longest or largest dimension of the biocompatible nanoparticle is 

between about 4 nm and about 500 nm, and the absolute surface charge value of the 

biocompatible nanoparticle is of at least 10 mV (110 mVI), and wherein the carrier is 

30 devoid of any surface sterically stabilizing agent, for use for administering the at least one 

compound of interest in a subject in need thereof, wherein the at least one biocompatible 

nanoparticle on one side and the at least one carrier comprising the at least one compound 

of interest on the other side are preferably to be administered separately in a subject in
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need of said at least one compound of interest, typically between more than 5 minutes and 

about 72 hours one from each other, and wherein the biocompatible nanoparticle is not 

used as such as a pharmaceutical compound.  

5 The combined, and typically sequential, administration to the subject of the at least one 

biocompatible nanoparticle and of the at least one carrier comprising the compound(s) of 

interest, through the composition of the invention, typically allows (maintains) the same 

pharmaceutical (i.e. therapeutic, prophylactic or diagnostic) benefit of the compound(s) for 

a reduced toxicity thereof for the subject, or increase the pharmaceutical benefit of the 

10 compound(s) for an equivalent or reduced toxicity thereof for the subject (preferably a 

reduced toxicity), when compared to pharmaceutical benefit and toxicity induced by the 

standard pharmaceutical dose of said compound(s), typically in the absence of any 

biocompatible nanoparticle and/or carrier.  

15 The pharmaceutical composition of the invention typically allows a reduction of at least 

10%, preferably at least 15%, of the administered pharmaceutical (i.e. therapeutic, 

prophylactic or diagnostic) compound(s) dose(s) when compared to the standard 

pharmaceutical dose(s) of said compound(s), typically in the absence of any biocompatible 

nanoparticle and/or carrier, (i) while maintaining the same pharmaceutical benefit for an 

20 equivalent toxicity, preferably a reduced toxicity, for the subject or (ii) while increasing the 

pharmaceutical benefit for an equivalent or reduced toxicity for the subject.  

The biocompatible nanoparticle 

As the shape of the particle can influence its "biocompatibility", particles having a quite 

25 homogeneous shape are herein preferred. For pharmacokinetic reasons, nanoparticles being 

essentially spherical/round or ovoid in shape are thus preferred. Such a shape also favors 

the nanoparticle interaction with or uptake by cells. Spherical/round shape is particularly 

preferred.  

In the spirit of the invention, the term "nanoparticle" refers to a product, in particular a 

30 synthetic product, with a size in the nanometer range, typically between about 1 nm and 

about 500 nm, preferably between about 4 nm and about 500 nm, between about 4 and 

about 400 nm, about 30 nm and about 300 nm, about 20 nm and about 300 nm, about 10 

nm and about 300 nm, for example between about 4 nm and about 100 nm, for example
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between about 10 nm, 15 nm or 20 nm and about 100 nm, or between about 100 nm and 

about 500 nm, typically between about 100 nm and about 300 nm.  

The terms "size of the nanoparticle", "largest size of the nanoparticle" and "longest size of 

the nanoparticle" herein typically refer to the "longest or largest dimension of the 

5 nanoparticle" or "diameter of the nanoparticle" when spherical/round or ovoid in shape.  

Transmission Electron Microscopy (TEM) or Cryo-TEM can be used to measure the size 

of the nanoparticle. As well, Dynamic Light Scattering (DLS) can be used to measure the 

hydrodynamic diameter of nanoparticles in solution. These two methods may further be 

used one after each other to compare the hydrodynamic diameter of a nanoparticle 

10 measured by DLS with the size of said nanoparticle measured by TEM or Cryo-TEM, in 

order to confirm said size. A preferred method is DLS (Ref. International Standard 

IS022412 Particle Size Analysis - Dynamic Light Scattering, International Organisation 

for Standardisation (ISO) 2008).  

15 To be usable in the context of the invention, the absolute electrostatic surface charge (also 

herein identified as "charge" or "surface charge") of the biocompatible nanoparticle is to 

be higher than |10 mVI (absolute value). The surface charge of a nanoparticle is typically 

determined by zeta potential measurements in aqueous medium for a nanoparticles 

concentration between 0.2 and 10 g/L, for a pH between 6 and 8, and typically for 

20 electrolytes concentrations in the aqueous medium between 0.001 and 0.2 M, for example 

0.01 M or 0.15 M.  

Typically, the biocompatible nanoparticle of the present invention has an electronic surface 

charge of at least 10 mVI, i.e. below - 10 mV or above + 10 mV, for example below 

between - 12 mV or - 15 mV and - 20 mV or above between +12 mV or + 15 mV and + 

25 20 mV, typically below - 15 mV or above + 15 mV. Preferably, the biocompatible 

nanoparticle of the present invention has an absolute electronic surface charge value 

("absolute surface charge value") of more than 10 mV, said charge being even more 

preferably a negative charge.  

The combined properties, size and surface charge of the nanoparticles, allow for a short 

30 blood circulation of the nanoparticles and extravasation into the liver organ. Therefore, by 

sequentially administering the biocompatible nanoparticles of the invention and the carrier 

comprising the compound(s) of interest, no co-circulation or a limited co-circulation of the 

two compounds (i.e. of the biocompatible nanoparticle and of carrier comprising the
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compound(s) of interest), is achieved. Therefore, the combined properties of the 

biocompatible nanoparticles, size and surface charge, permit the safe use of the 

compound(s) of interest while allowing (maintaining) the same pharmaceutical (i.e.  

therapeutic, prophylactic or diagnostic) benefit of the compound(s) for a reduced toxicity 

5 thereof for the subject, or in other words while increasing the pharmaceutical benefit of the 

compound(s) for an equivalent or reduced toxicity thereof for the subject (preferably a 

reduced toxicity), when compared to pharmaceutical benefit and toxicity induced by the 

standard pharmaceutical dose of said compound(s), typically in the absence of any 

biocompatible nanoparticle and/or carrier.  

10 

So long as it is charged, the nanoparticle usable in the context of the invention can be 

either organic or inorganic. A mixture of organic and inorganic nanoparticles can further 

be used.  

15 When organic, the nanoparticle can be a lipid-based nanoparticle (glycerolipid, 

phospholipid, sterol lipid, etc.), such as a solid-lipid nanoparticle, a protein-based 

nanoparticle also herein identified as "protein-nanoparticle" (albumin for instance), a 

polymer-based nanoparticle ("polymeric nanoparticle"), a co-polymer-based nanoparticle 

("co-polymeric nanoparticle"), a carbon-based nanoparticle, a virus-like nanoparticle (for 

20 example a viral vector).  

The organic nanoparticle may further be a nanosphere (plain nanoparticle) or a 

nanocapsule (hollow nanoparticle) such as a liposome, a gel, a hydrogel, a micelle, a 

dendrimer, etc. A mixture of the herein described organic nanoparticles can also be used.  

The polymer or co-polymer can be of natural or synthetic origin.  

25 Examples of synthetic (artificial) and natural polymers or co-polymers usable in the 

context of the invention to prepare organic nanoparticles can be selected from polylactic 

acid (PLA), Poly (lactide-co-glycolic) acid (PLGA), Polyethyleneglycol (PEG), 

Polyglactin, Polylactide, Polyoxyethylene fatty acid esters, Polypropylene glycol, 

Polysorbate, Polyvinyl alcohol, Polyacrylamide, Polymethylmethacrylate, 

30 Polyalkylcyanoacrylate, Polylactate-co-glycolate,Poly(amido amine), Poly(ethyleneimine), 

alginate, cellulose and cellulose derivatives polymers, collagen, hyaluronic acid, 

polyglutamic acid (PGA), actin, polysaccharide, and gelatin.
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When inorganic and when its longest dimension is typically below about 10 nm, for 

example below about 8 nm, below about 7 nm, typically comprised between about 7 nm 

and about 4 nm, for example below about 6 nm, below about 5 nm or below about 4 nm, 

the nanoparticle may be made of any inorganic material. The inorganic material may for 

5 example comprise metallic element from period 3, 4, 5, 6 of the Mendeleev's periodic 

table, including the lanthanides. When the longest dimension of the nanoparticle is 

typically below about 10 nm, the nanoparticles may assemble in larger structures.  

Assembling of nanoparticles in larger structure may typically be triggered by interactions 

between nanoparticles and a biocompatible polymer(s), protein(s), etc. Larger structure 

10 may also be obtained by trapping the nanoparticles in a carrier, typically a plain carrier 

such as gelatin structure (also herein identified as "gelatin nanoparticle") or a hollow 

carrier such as liposome. After in vivo administration, those larger structures can further be 

designed by the skilled person to release the nanoparticles.  

When inorganic and when the longest dimension of said nanoparticle is typically of at least 

15 10 nm, typically between 10 and 500 nm, the nanoparticle may comprise at least one of, or 

may consist in (i) one or more divalent metallic elements selected for example from Mg, 

Ca, Ba and Sr, (ii) one or more trivalent metallic element selected for example from Fe and 

Al, and (iii) one or more tetravalent metallic element comprising Si.  

In a particular embodiment, the inorganic material of the nanoparticle is selected from (i) 

20 one or more divalent metallic elements selected for example from Mg, Ca, Ba and Sr (ii) 

one or more trivalent metallic element selected for example from Fe and Al and (iii) one or 

more tetravalent metallic element comprising Si.  

In a further particular embodiment, the inorganic material of the nanoparticle is selected 

from calcium carbonate (CaCO 3), magnesium carbonate (MgCO3), magnesium hydroxide 

25 (Mg(OH)2), iron hydroxide (Fe(OH) 2), iron oxyhydroxide (FeOOH), iron oxide (Fe304 or 

Fe203), aluminium oxide (A130 4), aluminium hydroxide (Al(OH) 3), aluminium 

oxyhydroxide (AlOOH) and silicium oxide (SiO2).  

The nanoparticles used in the herein described compositions are to be biocompatible, i.e.  

30 compatible with living tissues. When required by their composition, the nanoparticles are 

thus to be coated with a biocompatible material to become usable. In a particular 

embodiment of the invention, the herein mentioned nanoparticle is thus covered with a 

biocompatible coating.
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The biocompatible material can be an agent allowing interaction with a biological target.  

Such an agent will typically bring a positive or a negative charge on the nanoparticle's 

surface when the absolute charge of the nanoparticle is of at least 10 mV.  

An agent forming a positive charge on the nanoparticle's surface can be for example 

5 selected from aminopropyltriethoxisilane or polylysine. An agent forming a negative 

charge on the nanoparticle surface can be for example selected from a phosphate (for 

example a polyphosphate, a metaphosphate, a pyrophosphate, etc.), a carboxylate (for 

example citrate or dicarboxylic acid, in particular succinic acid) and a sulphate.  

In a particular embodiment, as long as the absolute charge of the nanoparticle is of at least 

10 10 mV (|10 mVI), the nanoparticle can be coated with a biocompatible material comprising 

an agent displaying a steric group, such an agent being also herein identified as a "surface 

sterically stabilizing agent".  

Such an agent displaying a steric group may be selected for example from polyethylene 

glycol (PEG); polyethylenoxide; polyvinylalcohol; polyacrylate; polyacrylamide (poly(N

15 isopropylacrylamide)); polycarbamide; a biopolymer; a polysaccharide such as dextran, 

xylan and cellulose; collagen; a switterionic compound such as polysulfobetain; etc.  

The biocompatible coating may advantageously be a "full coating" (complete monolayer).  

This implies the presence of a very high density of biocompatible molecules creating an 

appropriate charge on the all surface of the nanoparticle.  

20 The biocompatible coating may further comprise a labelling agent, typically an agent 

allowing the visualisation of a color using standard imaging equipment.  

The combined administration of the at least one biocompatible nanoparticle together with 

the at least one carrier comprising the at least one compound of interest maintains the 

25 pharmaceutical (i.e. therapeutic, prophylactic or diagnostic), typically therapeutic, benefit 

of the compound(s) of interest for a reduced toxicity, or increases the pharmaceutical 

benefit of the compound(s) of interest for an equivalent or reduced toxicity, for the subject, 

typically when administered in the subject in need of the compound(s) of interest, between 

more than 5 minutes and about 72 hours one from each other, when compared to 

30 pharmaceutical benefit and toxicity induced by the standard pharmaceutical, typically 

therapeutic, dose(s) of said compound(s), typically in the absence of any biocompatible 

nanoparticle and/or carrier.
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In a particular embodiment, the combined administration of the at least one biocompatible 

nanoparticle and of the at least one carrier comprising the at least one compound of interest 

allows a reduction of at least 10%, preferably at least 15%, of the administered 

compound(s) therapeutic dose, typically when administered in the subject in need of the at 

5 least one compound of interest, between more than 5 minutes and about 72 hours one from 

each other, when compared to the standard therapeutic dose(s) of said compound(s), 

typically in the absence of any biocompatible nanoparticle and/or carrier, while 

maintaining the same therapeutic benefit for an equivalent toxicity or a reduced toxicity 

(preferably a reduced toxicity) of the compound(s) for the subject; or while increasing the 

10 therapeutic benefit for an equivalent or reduced toxicity of the compound(s) for the subject.  

In a particular embodiment, the at least one nanoparticle is administered with several 

carriers, typically at least two carriers, each of said carrier comprising at least one 

compound of interest. The compounds of interest present in a first carrier can be identical 

or different to those present in a second or in another distinct carrier.  

15 

The nanoparticle is preferably cleared from the subject to whom it has been administered 

typically within 1 hour and 6 weeks, for example 1 month (4 weeks), within 1 hour and 1 

month, for example between 1 hour and 3 weeks, or between 1 hour and 2 weeks, or 

between 1 hour and 1 week, following its administration to a subject in need of the 

20 compound of interest.  

The material constituting the nanoparticle (including its biocompatible coating when 

present) is important in determining the biopersistence (i.e. the persistence in the subject) 

of the nanoparticle. The nanoparticle may be regarded as biodegradable (when constituted 

for example of a biodegradable polymer such as PLGA or PLA) and/or dissolvable (iron 

25 oxide for example), or non-biodegradable and non-dissolvable. Biodegradable and 

dissolvable nanoparticles are more rapidly cleared from the subject than non-biodegradable 

and/or non-dissolvable nanoparticles.  

The compound of interest 

30 Different molecules or agents can be used according to the present teaching as the at least 

one compound of interest, typically as the at least one pharmaceutical compound of 

interest. This compound may be a therapeutic, a prophylactic or a diagnostic compound as 

previously explained. It can be an organic compound or an inorganic compound.



WO 2016/083333 11 PCT/EP2015/077425 

Examples of compound usable as the "compound of interest" are typically selected from a 

small molecule, a cytotoxic compound and a transition metal coordination complex.  

In the context of the present invention, a small molecule is a low molecular weight (<900 

5 daltons) organic compound with a size of the order of 10- 9 m. Most drugs are small 

molecules.  

In a particular embodiment, the compound of interest used in the context of the present 

invention is a targeted small molecule. A targeted small molecule generally inhibits 

10 enzymatic domains on mutated, overexpressed, or otherwise critical proteins (potential 

targets in the context of cancer treatment) within the malignant cells. Targeted small 

molecules include those molecules that target cell division (for example an aurora-kinase 

inhibitor or a cyclin-dependent-kinase inhibitor), or another biological mechanism such as 

protein turnover or chromatin modification (for example a histone-deacetylase inhibitor).  

15 Examples of targeted small molecules are imatinib, rapamycin, gefitinib, erlotinib, 

sorafenib, sunitinib, nilotinib, dasatinib, lapatinib, bortezomib, atorvastatin, etc.  

In another particular embodiment, the compound of interest used in the context of the 

present invention is a cytotoxic compound, for example a chemotherapeutic agent. The 

cytotoxic compound can be for example selected from a DNA-modifying agent, such as an 

20 anthracycline (for example doxorubicine, daunorubicine, etc.); an alkylating agent (for 

example melphalan or temozolomide); and a drug interfering very precisely with defined 

physiological mechanisms such as microtubule polymerization (for example taxol), or 

metabolite synthesis (for example methotrexate). In a particular embodiment, the cytotoxic 

compound is an activable cytotoxic compound. Photofrin is an example of such an 

25 activable cytotoxic compound, typically used in the context of Photodynamic Therapy.  

Photofrin is activated by a laser source to produce its therapeutic effect.  

In another particular embodiment, the compound of interest used in the context of the 

present invention is a transition metal coordination complex. Transition metal coordination 

30 complexes offer potential advantages over the more common organic-based drugs, 

including a wide range of coordination numbers and geometries, accessible redox states, 

'tune-ability' of the thermodynamics and kinetics of ligand substitution, as well as a wide 

structural diversity. Metal-based substances interact with cell molecular targets, affecting
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biochemical functions resulting in malignant cell destruction. Transition metal 

coordination complexes are typically cytotoxic agents (for instance, platinum coordination 

complexes: cisplatin, carboplatin, oxaloplatin, or ruthenium or gold coordination 

complexes) acting on DNA structures.  

5 

The carrier 

The at least one compound of interest is encapsulated or impregnated in a carrier, or 

grafted (bound) to such a carrier according to methods known by the skilled person.  

Schematic representations of carriers comprising at least one compound(s) of interest are 

10 presented in figure 1.  

The carrier can be an organic carrier. The organic carrier is typically selected from a lipidic 

carrier (for example a glycerolipid, a phospholipid, a sterol, etc.); a polymeric carrier; a co

polymeric carrier; a carbonaceous carrier; and a virus-like carrier (for example a viral 

vector).  

15 The polymer or co-polymer constituting the carrier can be of natural or synthetic origin.  

Examples of synthetic (artificial) and natural polymers or co-polymers usable in the 

context of the invention to prepare the carrier can be selected from polylactic acid (PLA), 

Poly (lactide-co-glycolic) acid (PLGA), Poly (glutamic acid) (PGA), poly(caprolactone) 

(PCL), poly (amino acids), Polyglactin, Polylactide, Polyoxyethylene fatty acid esters, 

20 Polysorbate, Polyvinyl alcohol, Polyacrylamide, Polymethylmethacrylate, 

Polyalkylcyanoacrylate, Polylactate-co-glycolate,Poly(amido amine), Poly(ethyleneimine), 

alginate, cellulose and cellulose derivatives polymers, collagen, hyaluronic acid, actin, 

polysaccharide, and gelatin.  

The carrier can be an inorganic carrier. The inorganic carrier is typically a nanoparticle.  

25 The nanoparticle is typically selected from a metal nanoparticle, a metal oxide 

nanoparticle, and a mixture thereof.  

The carrier can be a plain carrier such as a nanosphere (plain nanoparticle) or a hollow 

carrier such as nanocapsule (hollow nanoparticle).  

Preferred carriers are for example selected from a liposome, a micelle, a polymeric (or 

30 "polymer") carrier, an hydrogel, a dendrimer, a gel, a co-polymeric carrier, a protein 

carrier and an inorganic carrier such as herein defined.  

The surface of the carrier of the present invention is typically and preferably devoid of (or 

in other words lacks or does not expose) any surface sterically stabilizing agent, i.e. of any
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hydrophilic and/or flexible polymer. For instance, the carrier of the present invention is 

devoid of, or does not expose, a polymer selected from Dextran, polysialic acid (PSA), 

hyaluronic acid, chitosan, heparin, polyvinyl pyrrolidone (PVP), polyvinyl alcohol (PVA), 

polyacrylamide, poly(ethylene glycol) (PEG), and a PEG-based copolymer such as 

5 poloxamer, poloxamine or polysorbate. Preferably, the carrier of the invention is devoid of 

any hydrophilic polymer which bring a slightly negative or positive surface charge to the 

carrier's surface such as poly(ethylene glycol) (PEG) or PEG-based copolymer, polyvinyl 

alcohol (PVA) or polyvinyl pyrrolidone (PVP).  

The pharmaceutical composition of the present invention (cf. Figure 2b) can 

10 advantageously be substituted to existing carriers (or drug delivery systems) comprising or 

exposing a surface sterically stabilizing agent (figure 2a) such as typically an hydrophilic 

and flexible polymer, more particularly an hydrophilic polymer which bring a slightly 

negative or positive surface charge to the carrier's surface (for example a polyethylene 

glycol polymer), such a negative or positive surface charged being considered as neutral by 

15 the skilled person.  

The pharmaceutical composition of the present invention maintains the pharmaceutical (i.e.  

therapeutic, prophylactic or diagnostic) benefit of the compound of interest for a reduced 

toxicity thereof in said subject, or increases its pharmaceutical benefit for an equivalent or 

reduced toxicity, when compared to the pharmaceutical benefit and toxicity induced by 

20 said compound when administered at the standard pharmaceutical dose, typically in the 

absence of any nanoparticle and/or carrier.  

The pharmaceutical composition of the invention typically allows a reduction of at least 

10% of the administered compound pharmaceutical dose when compared to the standard 

pharmaceutical dose of said compound, typically in the absence of any nanoparticle and/or 

25 carrier, while maintaining the same pharmaceutical benefit for an equivalent toxicity, 

preferably a reduced toxicity, for the subject, or while increasing the pharmaceutical 

benefit for an equivalent or reduced toxicity for the subject.  

The carrier allows the release of the compound of interest preferably in a controlled 

30 manner. The carrier can typically be engineered to release the compound(s) of interest at a 

predetermined or tunable rate, or in response to an external stimulus.
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In a particular embodiment, the carrier allows the release of the compound(s) of interest 

typically by temporal-controlled release, by diffusion of the compound of interest from the 

carrier, by erosion and/or by degradation of the carrier.  

In another particular embodiment, the carrier allows the release of the compound(s) of 

5 interest thanks to an intra-cellular or extra-cellular activation, i.e. in response to an 

intracellular or an extracellular stimulus, such as a pH variation or the action of an enzyme.  

In another particular embodiment, the carrier allows the release of the compound(s) of 

interest in response to an external stimulus. Examples of external stimulus are 

electromagnetic radiations (for example an ionizing radiation such as X-ray, gamma-ray or 

10 a non-ionizing radiation such as UV, visible light or infra-red), ultrasounds and a magnetic 

field. The pharmaceutical compound is for example released from the carrier when said 

carrier is exposed to an external stimulus selected from electromagnetic radiations, 

ultrasounds and a magnetic field.  

15 A carrier devoid of any surface sterically stabilizing agent can be for instance a liposome 

with a membrane phase transition temperature comprised between 37'C and 45'C 

comprising DiPalmitoylPhosphatidylCho line (DPPC) 62% mol, Hydrogenated Soybean 

PhophatidylCholine (HSPC) 22% mol and Cholesterol (Chol) 16% mol, or 

DiPalmitoylPhosphatidylCho line (DPPC) 90% mol and 

20 MonoPalmitoylPhosphatidylcholine (MPPC) 10% mol.  

A carrier devoid of any surface sterically stabilizing agent can also be for instance a 

liposome comprising a synthetic phospholipid, such as 1,3-diamidophospholipid sensitive 

to shear stress.  

25 A carrier devoid of any surface sterically stabilizing agent can also be for instance a 

liposome comprising a peptide, which changes its conformation (alpha-helix to beta-sheet) 

upon pH or temperature stimuli.  

A carrier devoid of any surface sterically stabilizing agent can also be for instance an 

30 amphoteric liposome comprising 1 -palmitoyl-2oleoyl-sn-glycero-3 -phosphocho line 

(POPC) and 1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) in a molar ratio 3:1 

and an equal amount of a weak cationic and a weak anionic amphiphiles, both derived
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from cholesterol, a-(3'-0-cholesteryloxycarbonyl)-6-(N-ethylmorpholine)-succinamide 

(MoChol) and cholesterylhemisuccinate (CHEMS).  

The pharmaceutical composition of the invention (defined by the combination of the at 

least one biocompatible nanoparticle and of the at least one carrier comprising at least one 

5 compound of interest) can be used in many fields, in particular in human or veterinary 

medicine. This composition is typically for use in an animal, preferably in a mammal, even 

more preferably in a human being, whatever its age or sex.  

The pharmaceutical composition of the invention can be used to prevent or treat a disease 

10 or disorder selected from a cardiovascular disease, a Central Nervous System (CNS) 

disease, a gastrointestinal disease, a genetic disorder, a hematological disorder, a hormonal 

disorder, an immune disorder, an infectious disease, a metabolic disorder, a 

musculoskeletal disorder, a cancer, a respiratory disease and an intoxication, etc. In a 

preferred embodiment, the pharmaceutical composition is for use for preventing or treating 

15 a disease or disorder selected from a cardiovascular disease, a CNS disease, a cancer, an 

infectious disease and a metabolic disorder.  

In the context of the present invention, the at least one nanoparticle and the at least one 

carrier comprising the compound(s) of interest are advantageously to be administered in a 

20 subject in need of said compound(s) of interest, between more than 5 minutes and about 72 

hours one from each other, typically between more than 5 minutes and about 24 hours, 

preferably between more than 5 minutes or 30 minutes and about 12 hours, in order to 

optimize the compound(s) pharmaceutical efficacy.  

25 In the present invention, when the at least one nanoparticle and the at least one carrier 

comprising the compound(s) of interest are advantageously to be administered in a subject 

in need of said compound, between more than 5 minutes and about 72 hours one from each 

other, the absolute surface charge value of the at least one biocompatible nanoparticle is of 

at least 10 mV (|10 mVI).  

30 

In a particular embodiment of the present invention, when the at least one nanoparticle and 

the at least one carrier comprising the compound(s) of interest are advantageously to be 

administered in a subject in need of said compound, between more than 5 minutes and
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about 24 hours one from each other, the absolute surface charge value of the at least one 

biocompatible nanoparticle is advantageously of at least 15 mV (115 mVI).  

In another particular embodiment of the present invention, when the at least one 

5 nanoparticle and the at least one carrier comprising the compound(s) of interest are 

advantageously to be administered in a subject in need of said compound, between more 

than 5 minutes and about 12 hours one from each other, the absolute surface charge value 

of the at least one biocompatible nanoparticle is advantageously of at least 20 mV (120 

mVI).  

10 

Also herein described is a method of preventing or treating a subject suspected to be 

predisposed to a disease, or suffering of a disease, such as those herein mentioned, wherein 

said method comprises administering to said subject a pharmaceutical composition of the 

invention, typically at least one biocompatible nanoparticle and at least one carrier 

15 comprising at least one compound of interest as herein described. Anyone of the at least 

one nanoparticle or at least one carrier comprising the compound(s) of interest can be 

administered first to the subject as long as the at least one biocompatible nanoparticle and 

the at least one carrier comprising the compound(s) are administered separately, typically 

in an interval of between more than 5 minutes and about 72 hours. Administration of said 

20 at least one nanoparticle or at least one carrier comprising compound(s) of interest can be a 

single administration of each, repeated administrations of each, for example several 

consecutive administrations of each. The biocompatible nanoparticle may be administered 

once and the at least one carrier comprising compound(s) of interest may be administered 

more than once and vice versa.  

25 In a particular embodiment, the at least one biocompatible nanoparticle is at least 

administered at the beginning of a protocol comprising several administrations of the at 

least one carrier comprising compound(s) interest, i.e. at least at the first administration of 

said at least one carrier and before or after the administration thereof.  

In another particular embodiment, the biocompatible nanoparticle is not administered at the 

30 beginning of a protocol comprising several administrations of the at least one carrier 

comprising a compound(s) of interest and is not administered before the second or third 

administration of said at least one carrier, and before or after the administration thereof
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In the context of these last two embodiments, the at least one biocompatible nanoparticle 

can also be administered together (before or after as previously explained) with the at least 

one carrier comprising the compound(s) of interest during part or all of the subsequent 

administrations of said at least one carrier.  

5 

The biocompatible nanoparticle(s) of the pharmaceutical composition of the invention can 

be administered by any route such as intra venous (IV), intra-arterial, intra peritoneal route, 

intra-dermic route, airways (inhalation), intra muscular route and/or oral route (per os). A 

preferred route of administration is the intra venous route.  

10 The carrier(s) comprising the compound(s) of interest of the pharmaceutical composition 

of the invention can be administered by any route selected from subcutaneous route, intra 

venous (IV) route, intra-dermic route, intra-arterial route, airways (inhalation), intra 

peritoneal route, intra muscular route, oral route (per os) and several distinct routes among 

those previously mentioned. The adequate route(s) will be selected by the practitioner 

15 depending on the disease or disorder to be detected, prevented or treated.  

The following examples illustrate the invention without limiting its scope.  

BRIEF DESCRIPTION OF THE FIGURES 

20 

Figure 1: Schematic representation of carriers devoid of any sterically stabilizing agent 

comprising at least one compound of interest. The carrier can be a plain carrier (a, b) or a 

hollow carrier (c, d). The compound of interest is typically entrapped or impregnated (a, c) 

or grafted (bound) to the carrier with the help of a linker or in the absence of any linker (b, 

25 d).  

Figure 2: a) Schematic representation of a carrier comprising at least one compound of 

interest. The surface of the carrier is modified by a sterically stabilizing agent.  

b) schematic representation of a pharmaceutical composition according to the invention 

comprising the combination of (i) at least one biocompatible nanoparticle and of (ii) at 

30 least one carrier comprising at least one compound of interest, the carrier being devoid of 

any sterically stabilizing agent.  

Figure 3: Chemical formula of L-Glutamic acid, N-(3-carboxy-1-oxopropyl)-, 1,5

dihexadecyl ester (SA-lipid)
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EXAMPLES 

Example 1: Synthesis n'1 of liposomes as biocompatible nanoparticles 

5 Liposomes are prepared using the lipidic film re-hydration method: 

a) Lipids are solubilized in chloroform. Chloroform is finally evaporated under a nitrogen 

flow. Re-hydration of the lipidic film with HEPES 20 mM and NaCl 140 mM at pH 7.4 is 

performed at 50'C, so that the lipidic concentration is 5 mM.  

The following lipidic composition was used to prepare charged liposomes: DPPC 

10 (DiPalmitoylPhosphatidylCho line): 86% mol; MPPC 

(MonoPalmitoylPhosphatidylcho line): 10% mol; DSPE-PEG 

(DiStearylPhosphatidylEthanolamine-[methoxy(PolyElthyleneGlycol)-2000]): 4% mol.  

b) Freeze-thaws cycles are then performed 6 times, by successively plunging the sample 

into liquid nitrogen and into a water bath regulated at 50'C.  

15 c) A thermobarrel extruder (LIPEXTM Extruder, Northern Lipids) was used to calibrate the 

size of the liposomes under controlled temperature and pressure. In all cases, extrusion was 

performed at 50'C, under a pressure of 10 bars.  

Size distribution of the as-prepared liposomes was determined by dynamic light scattering 

(DLS) using a Zetasizer NanoZS (Malvern instrument) with a 633 nm HeNe laser at an 

20 angle of 90'C. The liposomes suspension was diluted 100 times in HEPES 20 mM and 

NaCl 140 mM at pH 7.4. Liposome size (i.e. hydrodynamic diameter) was equal to about 

170 nm (distribution by intensity) with a polydispersity index (PDI) equal to about 0.1.  

As understandable by the skilled person, the desired surface charge was obtained thanks to 

the selected lipidic composition, and its value is confirmed by zeta potential measurement 

25 using a Zetasizer NanoZS (Malvern instrument).  

The liposomes were diluted 100 times in water and the pH of the resulting suspension was 

adjusted to pH 7.4. The liposome surface charge was equal to about - 14 mV at pH 7.4.  

Example 2: Synthesis n12 of liposomes as biocompatible nanoparticles 

30 Liposomes are prepared using the lipid film re-hydration method: 

a) Lipids are solubilized in chloroform. Chloroform is finally evaporated under a nitrogen 

flow. Re-hydration of the lipid film with HEPES 20 mM and NaCl 140 mM at pH 7.4 is 

performed at 65'C, so that the lipid concentration is 25 mM.
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The following lipid composition was used to prepare liposomes: DSPC 

(DiStearoylPhosphatidylCho line): DSPG (DiStearoylPhosphatidylGlycerol): CHOL 

(Cholesterol) in a 7:2:1 molar ratio.  

b) Freeze-thaw cycles are then performed 6 times, by successively plunging the sample 

5 into liquid nitrogen and into a water bath regulated at 65'C.  

c) A thermobarrel extruder (LIPEXTM Extruder, Northern Lipids) was used to calibrate the 

size of the liposomes under controlled temperature and pressure. First, 5 passages were 

performed through a polyethersulfone (PES) 0.45gm-pores sized membrane at 5 bars, then 

10 passages through a PES 0.22gm-pores sized membrane at 10 bars, and finally 10 

10 passages through a polyvinylidene fluoride (PVDF) 0.1 gm-pores sized membrane at 15 

bars.  

Size distribution of the as-prepared liposomes was determined by dynamic light scattering 

(DLS) using a Zetasizer NanoZS (Malvern instrument) with a 633 nm HeNe laser at an 

angle of 90'C. The liposomes suspension was diluted 100 times in HEPES 20 mM and 

15 NaCl 140 mM at pH 7.4. Liposome size (i.e. hydrodynamic diameter) was equal to about 

145 rnm (distribution by intensity) with a polydispersity index (PDI) equal to about 0.1.  

The desired surface charge, which is typically below - 10 mV, was obtained thanks to the 

selected lipidic composition, and its value is confirmed by zeta potential measurement 

using a Zetasizer NanoZS (Malvern instrument).  

20 

Example 3: method allowing an improved efficacy and/or a reduced toxicity following 

the administration to a subject of a compound of interest included in the 

pharmaceutical composition according to the invention when compared to the same 

dose of the compound of interest alone.  

25 A pharmaceutical composition according to claim 1 comprising the combination of (i) at 

least one biocompatible nanoparticle and of (ii) at least one carrier comprising 

doxorubicin, is administered in nude mice bearing a MDA-MB-231-lucD3H2LN 

xenografted tumor in the following manner: 

a) - administering to a first group of nude mice (by intra venous injection) the Dox-NP@ 

30 (a PEGylated liposomal formulation of doxorubicine); 

- administering to a second group of nude mice (by intra venous injection) the 

doxorubicine;
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- administering to a third group of nude mice (by intra venous injection) the 

biocompatible nanoparticles; 

- administering to a fourth group of nude mice (by intra venous injection) the 

biocompatible nanoparticles and, between more than 5 minutes and 72 hours following 

5 the administration of the biocompatible nanoparticles to the fourth group of nude mice, 

administering (by intra venous injection) to said fourth group of nude mice a carrier 

comprising the doxorubicin wherein the carrier is devoid of any sterically stabilizing 

agent; 

b) assessing any clinical sign of toxicity in nude mice after the administration of the Dox

10 NP@ (first group), the doxorubicin (second group), the biocompatible nanoparticles 

(third group) and the pharmaceutical composition (fourth group); and 

c) measuring the tumor re-growth delay after the administration of the Dox-NP@ (first 

group), the doxorubicin (second group) the biocompatible nanoparticles (third group) 

and the pharmaceutical composition (fourth group).  

15 

Example 4: Synthesis n13 of liposomes as biocompatible nanoparticles 

Liposomes are prepared using the lipid film re-hydration method: 

a) Lipids are solubilized in chloroform. Chloroform is finally evaporated under a nitrogen 

flow to form a lipid film on the Pyrex tube walls. Re-hydration of the lipid film with 

20 HEPES 25 mM and NaCl 150 mM at pH 7.4 is performed at 60'C, so that the lipid 

concentration is 50 mM.  

The following lipid composition was used to prepare charged liposomes: DPPC 

(DiPalmitoylPhosphatidylCho line) 58% mol; HSPC (Hydrogenated Soybean 

PhosphatidylCholine) 21% mol; CHOL (Cholesterol) 16% mol; POPS (1-Palmitoyl-2

25 Oleoyl PhosphatidylSerine) 5% mol.  

b) Freeze-thaw cycles are then performed 6 times, by successively plunging the sample 

into liquid nitrogen and into a water bath regulated at 60'C. Ultra-sonication of the 

liposomes solution is performed during 30s every 3 freeze-thaw cycles and just before 

extrusion.  

30 c) A thermobarrel extruder (LIPEXTM Extruder, Northern Lipids) is used to calibrate the 

size of the liposomes under controlled temperature and pressure. Extrusion is performed at 

60'C. Ten passages are applied through a 0.1gm pores size polyvinylidene fluoride 

(PVDF) membrane under a pressure of 10 bars.
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Size distribution of the as-prepared liposomes is determined by dynamic light scattering 

(DLS) using a Zetasizer NanoZS (Malvern instrument) with a 633 nm HeNe laser at an 

angle of 173'C. The liposomes solution is diluted 200 times in HEPES 25 mM and NaCl 

150 mM at pH 7.4. Liposomes size (i.e. hydrodynamic diameter) is equal to about 170 nm 

5 (distribution by intensity) with a polydispersity index (PdI) equal to about 0.2.  

As understandable by the skilled person, the desired surface charge is obtained thanks to 

the selected lipid composition, and its value is confirmed by zeta potential measurement 

using a Zetasizer NanoZS (Malvern instrument). The liposomes are diluted 200 times in a 

sodium chloride solution at ImM and the pH of the solution is adjusted to pH 7. The 

10 liposomes surface charge is equal to about -40 mV at pH 7, NaCl 1mM.  

The final lipid concentration of the liposomes solution is measured by a colorimetric assay 

(Bartlett method). The method is based on total phosphorus determination through an 

acidic digestion of phospholipid. The released inorganic phosphate is reacted with 

ammonium molybdate, the complex giving a strong blue color. Lipids concentration is 

15 equal to about 50 mM.  

Example 5: Synthesis n14 of liposomes as biocompatible nanoparticles 

Liposomes are prepared using the lipid film re-hydration method: 

a) Lipids are solubilized in chloroform. Chloroform is finally evaporated under a nitrogen 

20 flow to form a lipid film on the Pyrex tube walls. Re-hydration of the lipid film with 

HEPES 25 mM and NaCl 150 mM at pH 7.4 is performed at 600C, so that the lipid 

concentration is 50 mM.  

The following lipid composition was used to prepare the charged liposomes: DPPC 

(DiPalmitoylPhosphatidylCholine) 45.15% mol; CHOL (Cholesterol) 45.15% mol; DSPE

25 PEG (DiStearylPhosphatidylEthanolamine-[methoxy(PolyElthyleneGlycol)-2000]) 0.60% 

mol; L-Glutamic acid, N-(3-carboxy-1-oxopropyl)-, 1,5-dihexadecyl ester (SA-lipid) 

9.10% mol. The SA-lipid brings COOH groups on the liposomes surface.  

b) Freeze-thaw cycles are then performed 6 times, by successively plunging the sample 

into liquid nitrogen and into a water bath regulated at 60 0C.  

30 c) A thermobarrel extruder (LIPEXTM Extruder, Northern Lipids) is used to calibrate the 

size of the liposomes under controlled temperature and pressure. Extrusion is performed at 

600 C. Seven passages are applied through a 0.45gm pores size polyvinylidene fluoride 

(PVDF) membrane under a pressure of 3 bars and ten passages through a 0.22gm pores
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size polyvinylidene fluoride (PVDF) membrane under a pressure of 10 bars. Size 

distribution of the as-prepared liposomes is determined by dynamic light scattering (DLS) 

using a Zetasizer NanoZS (Malvern instrument) with a 633 nm HeNe laser at an angle of 

173'C. The liposomes solution is diluted 200 times in HEPES 25 mM and NaCl 150 mM 

5 at pH 7.4. Liposomes size (i.e. hydrodynamic diameter) is equal to about 230 nm 

(distribution by intensity) with a polydispersity index (PdI) equal to about 0.2.  

As understandable by the skilled person, the desired surface charge is obtained thanks to 

the selected lipid composition, and its value is confirmed by zeta potential measurement 

using a Zetasizer NanoZS (Malvern instrument). The liposomes solution is diluted 200 

10 times in a sodium chloride solution at 1mM and the pH of the solution is adjusted to pH 7.  

The liposomes surface charge is equal to about -60 mV at pH 7, NaCl 1mM.  

The final lipid concentration of the liposomes solution is measured by a colorimetric assay 

(Bartlett method). The method is based on total phosphorus determination through an 

acidic digestion of phospholipid. The released inorganic phosphate is reacted with 

15 ammonium molybdate and the complex giving a strong blue color. Lipids concentration is 

equal to about 50 mM.  

Example 6: Synthesis n15 of liposomes as biocompatible nanoparticles 

Liposomes are prepared using the lipid film re-hydration method: 

20 a) Lipids are solubilized in chloroform. Chloroform is finally evaporated under a nitrogen 

flow to form a lipid film on the Pyrex tube walls. Re-hydration of the lipid film with 

HEPES 25 mM and NaCl 150 mM at pH 7.4 is performed at 60'C and the lipid 

concentration is 50 mM. The following lipid composition was used to prepare the charge 

liposomes: DSPC (1,2-distearoyl-sn-glycero-3-phosphocholine) 60 % mol, CHOL 

25 (Cholesterol) 35% mol; and Succinyl PE (1,2-dioleoyl-sn-glycero-3-phosphoethanolamine

N-succinyl) 5 % mol.  

b) Freeze-thaw cycles are then performed 6 times, by successively plunging the sample 

into liquid nitrogen and into a water bath regulated at 60'C. Ultra-sonication of the 

liposomes solution is performed during 30s, every 3 freeze-thaw cycles and just before 

30 extrusion.  

c) A thermobarrel extruder (LIPEXTM Extruder, Northern Lipids) is used to calibrate the 

size of the liposomes under controlled temperature and pressure. Extrusion is performed at
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60'C. Twelve passages are applied through a 0.22gm pores size polyvinylidene fluoride 

(PVDF) membrane under a pressure of 12 bars.  

d) Conjugation of p-aminophenyl-a-D-mannopyranoside (MAN) to Succinyl PE liposome: 

The succinyl PE liposome surface are modified with a mannose derived ligand p

5 aminophenyl-a-D-mannopyranoside (MAN), using carbodiimide coupling to develop 

mannose conjugated liposome. MAN is covalently coupled by its amino group to the 

carboxylic acid group of Succinyl PE, present on the surface of preformed Succinyl PE 

liposome. Briefly, to the preformed Succinyl PE liposome solution are added EDC (1

ethyl-3-[3-dimethylaminopropyl] carbodiimide hydrochloride), (Succinyl PE/EDC 1:10 

10 molar ratio) and N-hydroxysuccinimide (NHS) (NHS/EDC 1:2.5 molar ratio). The pH of 

the suspension is then adjusted at 6 with NaOH IM and the resulting suspension is stirred 

for 15 minutes at room temperature. Subsequently, the pH of the solution is adjusted at 7 

with NaOH IM and the aqueous MAN solution is added (Succinyl PE/MAN 1:2 molar 

ratio) to the solution. pH is readjusted at 7 using NaOH IM and the suspension is stirred 

15 for 2 additional hours at room temperature. Excessive unbound MAN, EDC and NHS 

molecules are removed by 3 steps of dialysis with dilution factor (x500; x500; x500) using 

a 50 KDa cellulose membrane.  

Of note, due to possible dilution upon dialysis, the liposomes solution can be concentrated 

by centrifugation (typically a Sigma 3-15K centrifuge at 5'C; 1,200 rpm) using membrane 

20 ultrafiltration on Vivaspin concentrators with a polyethylene sulfone (PES) membrane and 

a cut-off 300 KDa.  

Size distribution of the as-prepared liposomes is determined by dynamic light scattering 

(DLS) using a Zetasizer NanoZS (Malvern instrument) with a 633 nm HeNe laser at an 

25 angle of 173'C. The liposomes solution is diluted 200 times in HEPES 25 mM and NaCl 

150 mM at pH 7.4. Liposomes size (i.e. hydrodynamic diameter) is about 230 nm 

(distribution by intensity) with a polydispersity index (PDI) around 0.2. As understandable 

by the skilled person, the desired surface charge is obtained thanks to the selected lipid 

composition, and its value is confirmed by zeta potential measurement using a Zetasizer 

30 NanoZS (Malvern instrument). The liposomes solution is diluted 200 times in a sodium 

chloride solution at 1 mM and at pH 7. The liposomes surface charge is around -70 mV at 

NaCl 1 mM, pH 7.The final lipid concentration of the liposomes solution is measured by a 

colorimetric assay (Bartlett method). The method is based on total phosphorus
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determination through an acidic digestion of phospholipid. The released inorganic 

phosphate is reacted with ammonium molybdate and the complex giving a strong blue 

color. Lipids concentration is equal to about 50 mM.
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CLAIMS 

1. A pharmaceutical composition comprising the combination of (i) at least one 

biocompatible nanoparticle and of (ii) at least one carrier comprising at least one 

5 pharmaceutical compound, wherein the longest dimension of the biocompatible 

nanoparticle is between about 4 nm and about 500 nm, and the absolute surface charge 

value of the biocompatible nanoparticle is of at least 10 mVI, and wherein the carrier is 

devoid of any surface sterically stabilizing agent, for use in a therapeutic, prophylactic or 

diagnostic method in a subject in need of said at least one pharmaceutical compound, the 

10 therapeutic, prophylactic or diagnostic method comprising a step of administering the at 

least one carrier comprising at least one pharmaceutical compound to the subject and a 

distinct step of administering the at least one biocompatible nanoparticle, said at least one 

biocompatible nanoparticle being administered to the subject between more than 5 minutes 

and about 72 hours before or after the at least one carrier comprising at least one 

15 pharmaceutical compound, and wherein the biocompatible nanoparticle is not used as such 

as a pharmaceutical compound.  

2. The pharmaceutical composition according to claim 1, wherein the nanoparticle has an 

absolute surface charge value of more than |10 mVI, said charge being a negative charge.  

20 

3. The pharmaceutical composition according to claim 1 or 2, wherein the nanoparticle is 

an organic nanoparticle.  

4. The pharmaceutical composition according to claim 3, wherein the nanoparticle is 

25 selected from a lipid-based nanoparticle, a protein-based nanoparticle, a polymer-based 

nanoparticle, a co-polymer-based nanoparticle, a carbon-based nanoparticle, and a virus

like nanoparticle.  

5. The pharmaceutical composition according to claim 1 or 2, wherein the nanoparticle is 

30 an inorganic nanoparticle and the longest dimension of said nanoparticle is below about 7 

nm.
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6. The pharmaceutical composition according to claim 1 or 2, wherein the nanoparticle is 

an inorganic nanoparticle, the longest dimension of said nanoparticle is of at least 10 nm, 

and the inorganic material of the nanoparticle is selected from (i) one or more divalent 

metallic elements selected for example from Mg, Ca, Ba and Sr, (ii) one or more trivalent 

5 metallic element selected for example from Fe and Al, and (iii) one or more tetravalent 

metallic element comprising Si.  

7. The pharmaceutical composition according to claim 6, wherein the inorganic material is 

selected from calcium carbonate (CaCO 3), magnesium carbonate (MgCO3), magnesium 

10 hydroxide (Mg(OH)2), iron hydroxide (Fe(OH) 2), iron oxyhydroxide (FeOOH), iron oxide 

(Fe304 or Fe203), aluminium oxide (A13 0 4), aluminium hydroxide (Al(OH) 3), aluminium 

oxyhydroxide (AlOOH) and silicium oxide (SiO 2).  

8. The pharmaceutical composition according to anyone of claims 1 to 7, wherein the 

15 nanoparticle is further covered with a biocompatible coating.  

9. The pharmaceutical composition according to claim 1, wherein the carrier is a plain 

carrier.  

20 10. The pharmaceutical composition according to claim 1, wherein the carrier is a hollow 

carrier.  

11. The pharmaceutical composition according to anyone of claims 1 to 10, wherein the 

carrier's surface is devoid of any hydrophilic polymer.  

25 

12. The pharmaceutical composition according to anyone of claims 1 to 11, wherein the 

carrier's surface is devoid of any polyethylene glycol (PEG) polymer.  

13. The pharmaceutical composition according to anyone of claims 1 to 12, wherein the 

30 combined administration of the at least one biocompatible nanoparticle and of the at least 

one carrier comprising the pharmaceutical compound(s) maintains the therapeutic benefit 

of said pharmaceutical compound(s) for a reduced toxicity, or increases the therapeutic 

benefit of said pharmaceutical compound(s) for an equivalent or reduced toxicity, for the
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subject, when compared to therapeutic benefit and toxicity induced by the standard 

therapeutic dose(s) of said compound(s) in the absence of any biocompatible nanoparticle 

and/or carrier.  

5 14. The pharmaceutical composition according to anyone of claims 1 to 13, wherein the 

combined administration of the at least one biocompatible nanoparticle and of the at least 

one carrier comprising the pharmaceutical compound(s) allows a reduction of at least 10% 

of the administered pharmaceutical compound(s) therapeutic dose(s) when compared to the 

standard therapeutic dose(s) of said compound(s) while maintaining the same therapeutic 

10 benefit for an equivalent toxicity or a reduced toxicity for the subject or while increasing 

the therapeutic benefit for an equivalent or reduced toxicity for the subject in the absence 

of any biocompatible nanoparticle and/or carrier.  

15. The pharmaceutical composition according to anyone of claims 1 to 14, wherein the 

15 nanoparticle is cleared from the subject to whom it has been administered within one hour 

and six weeks after its administration to a subject in need of the at least one pharmaceutical 

compound referred to in claim 1.  

16. The pharmaceutical composition according to anyone of claims 1 to 15, wherein the 

20 pharmaceutical compound is selected from a small molecule, in particular a targeted small 

molecule, a cytotoxic compound and a transition metal coordination complex.  

17. The pharmaceutical composition according to anyone of claims 1 to 16, wherein the 

pharmaceutical compound is encapsulated in the carrier, impregnated in the carrier or 

25 bound to the carrier.  

18. The pharmaceutical composition according to anyone of claims 1 to 17, wherein the 

pharmaceutical compound is released from the carrier by temporal-controlled diffusion, 

carrier erosion and/or carrier degradation.  

30
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19. The pharmaceutical composition according to anyone of claims 1 to 17, wherein the 

pharmaceutical compound is released from the carrier in response to an intracellular or an 

extracellular stimulus.  

5 20. The pharmaceutical composition according to anyone of claims 1 to 17, wherein the 

pharmaceutical compound is released from the carrier when said carrier is exposed to 

electromagnetic radiations, ultrasounds and a magnetic field.  

10
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