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From the three major classes of biomolecules including proteins, nucleic acids and carbohydrates, the carbohydrates are, at the moment, the least exploited. The recent development of operating methods for the analysis of carbohydrates and for the synthesis of oligosaccharides supports the efforts made to investigate the roles of carbohydrates in biological phenomena. Research on carbohydrates is very active leading to discovery of new oligosaccharides and functions almost everyday as witnesses by the amount of papers published every month. The purpose of this chapter is to point out some of the functions of carbohydrates that have been identified and that may be interesting to integrate within the design of nanoparticulate drug carriers able to carry and target a drug to the diseased organs or cells. The complete control of the biodistribution of these systems which is mainly governed by their surface properties remains one of the major challenges to achieve. Among the different strategies proposed so far, it has been suggested to coat the nanoparticulate drug carriers with polysaccharides in order to mimic the surface of cells, bacteria or viruses and to confer the nanoparticles new surface properties including the biological activities of the carbohydrates. The coating of nanoparticulate drug carriers with certain types of carbohydrates may be interesting to give the nanoparticles specific recognition or signalling functions to improve their targeting specificity and efficiency. Other carbohydrates display very specific biological activities that may be interesting to combine with nanoparticulate drug carriers to create biologically active nanoparticulate systems. Many other examples will be discussed in this chapter and the benefit of the approach will be examined with the few examples of nanoparticulate drug carriers already developed on this basis.

INTRODUCTION

From the three major classes of biomolecules including proteins, nucleic acids and carbohydrates, the carbohydrates entering the constitution of glycans and polysaccharides are, at the moment, the least exploited in biology. The recent development of operating methods for the analysis of carbohydrates and for the synthesis of oligosaccharides support the efforts made to investigate the roles of carbohydrates in biological phenomena [START_REF] Yoshida | Synthesis of polysaccharides having specific biological activities[END_REF][START_REF] Venkataraman | Sequencing complex polysaccharides[END_REF][START_REF] Toukach | Computer-assisted structural analysis of regular glycopolymers on the basis of 13C NMR data[END_REF][START_REF] Lee | Carbohydrate analyses with high-performance anion-exchange chromatography[END_REF]. Different already identified functions of carbohydrates may be interesting to be integrated within drug delivery systems conferring new properties and opening avenues for innovative developments. In this view, carbohydrates may be used either as a drug due to their own biological activities or as molecules to design nanoparticles with new functionalities [START_REF] Gabius | The sugar code in drug delivery[END_REF][START_REF] Vauthier | Development of Polysaccharide Nanoparticles as Novel Drug Carrier Systems in Handbook of Pharmaceutical Controlled Release Technology[END_REF][START_REF] Janes | Polysaccharide colloidal particles as delivery systems for macromolecules[END_REF][START_REF] Prego | Transmucosal macromolecular drug delivery[END_REF]. Developing drug delivery systems, the main challenge is to design systems able to carry and target a drug to the diseased organs or cells after administration in the body by the appropriate route [START_REF] Vauthier | Development of Polysaccharide Nanoparticles as Novel Drug Carrier Systems in Handbook of Pharmaceutical Controlled Release Technology[END_REF][START_REF] Janes | Polysaccharide colloidal particles as delivery systems for macromolecules[END_REF][START_REF] Vauthier | From polymer chemistry and physicochemistry to nanoparticulate drug carrier design and applications in Tissue Engineering and novel delivery system[END_REF][START_REF] Nori | Intracellular targeting of polymer-bound drugs for cancer chemotherapy[END_REF]. This assumes that the biodistribution of the carrier system is perfectly controlled after in vivo administration. In the case of soluble carrier, this can be achieved by grafting define types of carbohydrate ligands on the polymer backbone [START_REF] Nori | Intracellular targeting of polymer-bound drugs for cancer chemotherapy[END_REF][START_REF] Duncan | The dawning era of polymer therapeutics[END_REF]. Using colloidal particles like liposomes and polymer nanoparticles, it is now well accepted that their biodistribution is mainly controlled by their surface properties [START_REF] Vauthier | From polymer chemistry and physicochemistry to nanoparticulate drug carrier design and applications in Tissue Engineering and novel delivery system[END_REF][START_REF] Nobs | Current methods for attaching targeting ligands to liposomes and nanoparticles[END_REF][START_REF] Torchilin | Recent advances with liposomes as pharmaceutical carriers[END_REF][START_REF] Moghimi | Stealth liposomes and long circulating nanoparticles: critical issues in pharmacokinetics, opsonization and protein-binding properties[END_REF][START_REF] Moghimi | Long-circulating and target-specific nanoparticles: theory to practice[END_REF]. Several carbohydrates and polysaccharides were identified at the surface of cells, bacteria and viruses as having a key role in biological recognition and signalling events. Therefore, the potential of their use as coating material or as ligands to promote specific recognition between carrier and target cells was carefully considered as a possible way to develop biomimetic drug delivery systems having different functionalities [START_REF] Gregoriadis | Polysialic acids: potential in drug delivery[END_REF][START_REF] Olivier | Stability of orosomucoid-coated polyisobutylcyanoacrylate nanoparticles in the presence of serum[END_REF][START_REF] Passirani | Preparation and characterization of nanoparticles bearing heparin or dextran covalently-linked to poly(methyl methacrylate)[END_REF][START_REF] Chauvierre | Novel polysaccharide-decorated poly(isobutyl cyanoacrylate) nanoparticles[END_REF][START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF][START_REF] Bertholon | Bioadhesive properties of poly(alkylcyanoacrylate) nanoparticles coated with polysaccharide[END_REF][START_REF] Sihorkar | Potential of polysaccharide anchored liposomes in drug delivery, targeting and immunization[END_REF][START_REF] Drotleff | Biomimetic polymers in pharmaceutical and biomedical sciences[END_REF][START_REF] Bravo-Osuna | Ponchel Elaboration and characterization of thiolated chitosan-coated acrylic nanoparticles[END_REF]. In this chapter, we will summarize the main stages of the development of carbohydrates and polysaccharides as components of interest to be used either as a targeted drug or as a component entering the design of drug delivery systems. The first part of the chapter will be focused on the principal milestones which allowed discovery of most of the carbohydrates and polysaccharides known today in terms of their chemical analysis and biological activity investigations. This part will also present status about the chemical synthesis of these compounds. The second part of the chapter will briefly discuss the present state and limitations to the developments of nanoparticle drug carriers. Integration of carbohydrate and polysaccharide developments in the design of drug delivery systems with new functionalities will constitute the third part of the chapter. The fourth and the fifth parts will respectively review the current research about applications of nanoparticles as delivery systems for biologically active carbohydrates and the use of nanoparticle drug carriers made of polysaccharides for the delivery of fragile bioactive molecules.

CARBOHYDRATE RESEARCH: MAIN STEPS OF DEVELOPMENT AND DISCOVERY OF THEIR FUNCTIONALITIES.

Forty years ago, Eylar [START_REF] Eylar | On the biological role of glycoproteins[END_REF] suggested for the first time that the carbohydrate units found in biologically active glycoproteins could act as a kind of "chemical label" or "chemical passport" to promote specific interactions of glycoproteins with corresponding cell surface receptors to achieve their transportation across the cell membrane. However, progresses in the understanding of the biological role of glycan moieties included in biological structures was hampered for long considering that glycans and polysaccharides were much more complex structures to study than proteins and nucleic acids. Thus, it is only 30 years ago, while full chemical synthesis of peptides was already possible and those of nucleic acid was in its infant age, that various carbohydrate containing compounds came into light as important elements in numbers of biological activities [START_REF] Kimmerlin | 100 years of peptide synthesis': ligation methods for peptide and protein synthesis with applications to beta-peptide assemblies[END_REF][START_REF] Zamecnik | From protein synthesis to genetic insertion[END_REF][START_REF] Sharon | History of lectins: from hemagglutinins to biological recognition molecules[END_REF][START_REF] Khersonsky | Recent advances in glycomics and glycogenetics[END_REF][START_REF] Petitou | 1976-1983, a critical period in the history of heparin: the discoveryof the antithrombin binding site[END_REF]. For instance, the years 1976 to 1983 were critical in the discovery of the antithrombine binding site of heparin which now can be used to confer anti-clotting and anti-complement activation properties to drug carrier systems [START_REF] Petitou | 1976-1983, a critical period in the history of heparin: the discoveryof the antithrombin binding site[END_REF][START_REF] Passirani | Interactions of nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate) with the complement system[END_REF][START_REF] Labarre | Interactions of blood proteins with poly(isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF]. The study of lectines isolated from animals which are now known to be involved in many of the biological recognition molecules involving carbohydrates started to grow rapidly in the 1980s thanks to the development of recombination techniques to produce them [START_REF] Sharon | History of lectins: from hemagglutinins to biological recognition molecules[END_REF].

For long, progresses in glycobiology were hampered due to technological difficulties on analytical order. The appearance of the high-performance anion-exchange chromatography (HPAEC) in the mid 1990s revolution the analytical capacity and considerably improved precision about the determination of carbohydrate sequences and arrangements in glycans isolated from glycosylated biological compounds [START_REF] Venkataraman | Sequencing complex polysaccharides[END_REF][START_REF] Lee | Carbohydrate analyses with high-performance anion-exchange chromatography[END_REF]. This was a considerable millestone being completed which boost the resolution of glycan structures and in parallel open new areas to further investigate their biological activity. The analytical techniques were constantly improved by the successive introduction of the pulsed amperometry detection (PAD) and more recently by on-line coupling the HPAEC to mass spectrometry devices and NMR methods using a nano-probe [START_REF] Toukach | Computer-assisted structural analysis of regular glycopolymers on the basis of 13C NMR data[END_REF][START_REF] Lee | Carbohydrate analyses with high-performance anion-exchange chromatography[END_REF][START_REF] Kabel | Mass determination of oligosaccharides by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry following HPLC, assisted by on-line desalting and automated sample handling[END_REF][START_REF] Broberg | Application of nano-probe NMR for structure determination of low nanomole amounts of arabinoxylan oligosaccharides fractionated by analytical HPAEC-PAD[END_REF][START_REF] Morelle | Glycomics and mass spectrometry[END_REF]. New methodologies continue to be developed improving performance of the existing analytical methods [39]. The introduction of screening methods using microarray and chip technologies appeared within the last 3 years accelerating discovery and progress towards the understanding of the role of carbohydrates in biology [START_REF] Khersonsky | Recent advances in glycomics and glycogenetics[END_REF][START_REF] Ratner | Tools for glycomics: mapping interactions of carbohydrates in biological systems[END_REF][START_REF] Howbrook | Developments in microarray technologies[END_REF].

Research into the biological roles of carbohydrates may be possible owing the fact that sufficient quantities may be isolated from natural extract. Because of their structural complexity, it is extremely difficult to isolate pure carbohydrates from natural sources. Progresses in the analytical chromatographic methods help improving preparative techniques providing purified fractions of defined glycans from various natural extracts [START_REF] Kabel | Mass determination of oligosaccharides by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry following HPLC, assisted by on-line desalting and automated sample handling[END_REF][START_REF] Vives | Combined strong anion-exchange HPLC and PAGE approach for the purification of heparan sulphate oligosaccharides[END_REF]. However, the only way to access to very pure carbohydrates relies on their chemical or enzymatic synthesis which also constitutes the more attractive route for the production of the sufficient quantities for biological studies designed to identify biological roles and eventually medicinal interests. The synthesis of polysaccharides and glycans was an important technological challenge. The intensive efforts based on innovative strategies lead to major advances making now possible the synthesis of rather complex carbohydrates [START_REF] Yoshida | Synthesis of polysaccharides having specific biological activities[END_REF][START_REF] Plante | Combinatorial chemistry in glycobiology[END_REF][START_REF] Holemann | Carbohydrate diversity: synthesis of glycoconjugates and complex carbohydrates[END_REF][START_REF] Köhn | The Staudinger ligation-a gift to chemical biology[END_REF]. Stereoregular polysaccharides including linear, branched, amino and deoxy polysaccharides can be synthesized by ring opening polymerization of anhydro-sugar derivatives [START_REF] Yoshida | Synthesis of polysaccharides having specific biological activities[END_REF]. The technically extremely difficult synthesis of highly branched carbohydrates was made possible with the development of solid phase synthesis strategies [START_REF] Holemann | Carbohydrate diversity: synthesis of glycoconjugates and complex carbohydrates[END_REF]. Another important milestone was completed thanks to the recent development of an automated oligosaccharide synthesizer leading to an accelerated access to many highly branched carbohydrates for identification of their biological function [START_REF] Holemann | Carbohydrate diversity: synthesis of glycoconjugates and complex carbohydrates[END_REF]. Even if this methodology provides just enough amount of glycan to study the biological role of the product, this really opens avenues for the identification and creation of important compounds for future biochemical and medicinal applications [START_REF] Holemann | Carbohydrate diversity: synthesis of glycoconjugates and complex carbohydrates[END_REF]. For instance, after years of research, many synthetic heparins proposed as anticoagulant drugs can be synthesized on a production scale. They are currently at different stages of clinical development [START_REF] De Kort | Synthetic heparin derivatives as new anticoagulant drugs[END_REF]. The chemistry remains complicated and some synthetic routes which have been scaled up comprised up to 65 steps.

DEVELOPMENT OF NANOPARTICULAR DRUG CARRIERS: PRESENT STATES AND LIMITATIONS

Despite several advances in chemotherapy, the real therapy of cancer and major infections still remain a challenge. One problem comes from the nonspecific drug distribution resulting in low tumour or infected tissue concentrations and systemic toxicity. Another problem comes from the lack of stability of drugs in biological media and their incapacity to cross biological barriers. To improve drug concentration in the targeted tissues, several approaches have been suggested including the association of the drug to carrier systems. A large piece of work has been done using liposomes as carriers which lead to the several marketed formulations so far. For instance, the liposomal formulation of Amphotericin B which is the leading compounds in the treatment of leishmaniasis is today the more efficient treatment against this parasite and other fungal infections [START_REF] Croft | Leishmaniasis--current chemotherapy and recent advances in the search for novel drugs[END_REF]. The toxicity of Amphotericin B was reduced by a factor of 50 to 70-fold which is among the most obvious benefit for the use of this liposome formulation in clinics [START_REF] Adler-Moore | Development, characterization, efficacy and mode of action of ambisome (R)[END_REF]. The main drawback of liposomes remains the cost of the phospholipids entering their composition. To reduce cost, the biggest challenge is believed to come from polymer nanoparticles. Indeed, polymers are much cheaper material compared to phospholipids and methods for producing nanoparticles are generally simpler. Other advantages of the polymer systems are their higher stability in biological media especially for the administration of drugs by mucosal routes and upon slight changes in the formulation. Additionally, they should be theoretically tailor made thanks to the progress in colloid and polymer technology [START_REF] Vauthier | From polymer chemistry and physicochemistry to nanoparticulate drug carrier design and applications in Tissue Engineering and novel delivery system[END_REF][START_REF] Couvreur | Nanocapsule technology: a review[END_REF]. However, only a couple of polymers are suitable as main components of the polymer nanoparticles designed as drug carrier systems [START_REF] Vauthier | Development of Polysaccharide Nanoparticles as Novel Drug Carrier Systems in Handbook of Pharmaceutical Controlled Release Technology[END_REF][START_REF] Janes | Polysaccharide colloidal particles as delivery systems for macromolecules[END_REF][START_REF] Vauthier | From polymer chemistry and physicochemistry to nanoparticulate drug carrier design and applications in Tissue Engineering and novel delivery system[END_REF]. As for liposomes, polymer nanoparticles were developed as drug carriers to improve the efficacy of the associated drug thanks to a better control of its biodistribution towards the diseased organ or cells and to their faculty to overcome biological barriers [START_REF] Vauthier | From polymer chemistry and physicochemistry to nanoparticulate drug carrier design and applications in Tissue Engineering and novel delivery system[END_REF][START_REF] Vauthier | Drug delivery to resistant tumors: the potential of poly(alkyl cyanoacrylate) nanoparticles[END_REF][START_REF] Alonso | Nanomedicines for overcoming biological barriers[END_REF]. These colloidal particles have demonstrated enhanced efficacy for numerous drugs compared to conventional formulations. Indeed, the biological activity of the drug associated with the carrier is generally improved while the side effects due to their toxicity are reduced thanks to a better control of the biodistribution [START_REF] Fouarge | Development of dehydroemetine nanoparticles for the treatment of visceral leishmaniasis[END_REF][START_REF] Gaspar | Macrophage activation by polymeric nanoparticles of polyalkylcyanoacrylates: activity against intracellular Leishmania donovani associated with hydrogen peroxide production[END_REF][START_REF] Kattan | Phase I clinical trial and pharmacokinetic evaluation of doxorubicin carried by polyisohexylcyanoacrylate nanoparticles[END_REF][START_REF] Barraud | Increase of doxorubicin sensitivity by doxorubicin-loading into nanoparticles for hepatocellular carcinoma cells in vitro and in vivo[END_REF][START_REF] Sangro | Refined tools for the treatment of hepatocellular carcinoma[END_REF].

The improved efficacy can also be explained by a higher stability of the drug in biological media and ability to overcome biological barriers. However, the main limitation of these systems remains the full control of their biodistribution because they still lack of very precise targeting specificities. This is the main challenge which remains to be addressed. According to our present knowledge, a better control of the interactions between the drug delivery system and surrounded biological media should improve targeting efficacy as well as promoting occurrence of highly specific interactions. Thus, it was postulated that the control of the biodistribution of drug carriers could be possible by modifying and by adjusting the surface characteristics of the drug delivery systems. The modification of surface properties of drug delivery systems by coating with poly(ethylene glycol) actually rerouted the carrier from a very efficient recognition and uptake by macrophages of the MPS towards long circulating particles in the blood stream [58,[START_REF] Gref | Biodegradable long-circulating polymeric nanospheres[END_REF]. It is now admitted that the biodistribution of a drug carrier greatly depends on the nonspecific and specific interactions between its exposed surface and the biological components of the surrounded medium found either in blood, on the cell surface or at the level of biological barriers i.e. endothelium or mucosa. Thus, efforts are now carried on tailoring the design of the carrier surface [START_REF] Nobs | Current methods for attaching targeting ligands to liposomes and nanoparticles[END_REF].

To be used as drug carriers, different drugs should be incorporated in the nanoparticles. Most of the nanoparticles made of synthetic polymers including polyesters or polyanhydrides and poly(aminoacids) can incorporate enough amount of lipophilic drugs. However, they are totally inefficient to incorporate hydrophilic molecules such as peptides, proteins or nucleic acids. These molecules with a high therapeutic potential hardly cross biological barriers. They need to be associated with a drug carrier enhancing their transport across the biological barriers and preserving their biological activity because there are highly unstable in biological media. This problem could be As mentioned above, interactions of nanoparticle drug carriers with the surrounded biological environment are key factors controlling the in vivo fate of the transported drug. Three levels of interactions may be distinguished, but all will involve surface phenomena between nanoparticle surface and compounds of the surrounding environment. Interactions occurring at the level of a mucosa may be critical to promote the absorption of the drug. They will be discussed in the first paragraph. The interactions taking place in the blood compartment which greatly affect the biodistribution of the carrier due to interactions with blood proteins are considered in the second paragraph. Finally, the more highly specific interactions between drug carrier and cells in the view of targeting and allowing delivery of the drug to very precise cells will be considered in the last paragraph of this section. As it will be discussed, carbohydrates appear, in all these cases, as versatile tools to control the interactions between the drug carriers and the biological surrounding media.

Carbohydrates to improve mucoadhesion of nanoparticle drug carriers.

Mucosal routes, especially the oral route, are the preferred methods for the administration of drugs. However, many drugs remain poorly available when they are administered by these routes. Among other reasons, this can be due to too low mucosal permeability for the drug, permeability restricted to a region of the gastrointestinal tract, low or very low solubility of the compound which results in low dissolution rate in the mucosal fluids and in elimination of a fraction of the drug from the alimentary canal prior to absorption, lack of stability in the gastrointestinal environment, resulting in a degradation of the compound prior to its absorption (e.g. peptides, oligonucleotides).

To reduce problems of low permeability and low solubility it was proposed to retain drug at the surface of the mucosa using bioadhesive formulations increasing the contact time between the drug and the epithelium and in turn chance to the drug to be absorbed. In this aim several authors have suggested to use polysaccharides to design bioadhesive nanoparticle drug delivery carriers. Chitosan obtained from deacetylation of chitin is the most commonly used bioadhesive polysaccharide. At the level of mucosa, chitosan is known to enhance drug absorption thanks to it bioadhesive properties and to its capacity to induce transient opening of the tight junctions without damaging the cells [START_REF] Schipper | Chitosans as Absorption Enhancers for Poorly Absorbable Drugs 2: Mechanism of Absorption Enhancement[END_REF][START_REF] Schipper | Chitosans as Absorption Enhancers for Poorly Absorbable Drugs 2: Mechanism of Absorption Enhancement[END_REF]. Bioadhesive properties of chitosan were described for the first time by Lehr et al. [START_REF] Lehr | In vitro evaluation of mucoadhesive properties of chitosan and some other natural polymers[END_REF]. They depend on the molecular weight [START_REF] Schipper | Chitosans as absorption enhancers for poorly absorbable drugs. 1: Influence of molecular weight and degree of acetylation on drug transport across human intestinal epithelial (Caco-2) cells[END_REF][START_REF] Chae | Influence of molecular weight on oral absorption of water soluble chitosans[END_REF] and on the pH of the surrounded media which affect the polysaccharide solubility. Chitosan is soluble at pH below 6 and its bioadhesive properties require that the molecule is either soluble or strongly swollen |68]. Thus, to improve solubility properties of chitosan especially at pH higher than 6 encountered at the level of several mucosa, modified chitosans were synthesized. For instance, the partial substitution of the amino function of chitosan by methyl-5-pyrrolidone led to derivatives enhancing the absorption of drugs at the level of the bucal and vaginal mucosa [START_REF] Thanou | Oral drug absorption enhancement by chitosan and its derivatives[END_REF][START_REF] Avadi | Diethyl methyl chitosan as an intestinal paracellular enhancer: ex vivo and in vivo studies[END_REF][START_REF] Sandri | Assessment of chitosan derivatives as buccal and vaginal penetration enhancers[END_REF]. Enhancement of the bioadhesive properties and of drug absorption was also reported after introduction of thiol groups in the structure of chitosan. In this case, the thiol groups are assumed to form disulfide bonds with the cystein rich domains of the mucus glycoproteins standing on the gastrointestinal mucosa [START_REF] Kafedjiiski | Synthesis and in Vitro Evaluation of a Novel Chitosan-Glutathione Conjugate[END_REF][START_REF] Bernkop-Schnurch | The use of thiolated polymers as carrier matrix in oral peptide delivery--Proof of concept[END_REF]. Drug carriers which have been coated with chitosan also showed enhanced bioadhesive properties at the level of different mucosa including the ocular, nasal, gastrointestinal, pulmonary mucosa [START_REF] Prego | Transmucosal macromolecular drug delivery[END_REF][START_REF] De Campos | The effect of a PEG versus a chitosan coating on the interaction of drug colloidal carriers with the ocular mucosa[END_REF][START_REF] Yamamoto | Mucoadhesive liposomes: physicochemical properties and release behavior of water-soluble drugs from chitosan-coated liposomes[END_REF][START_REF] Calvo | Evaluation of cationic polymer-coated nanocapsules as ocular drug carriers[END_REF][76]. However, it is worth to point out that a simple adsorption of chitosan at the nanoparticle surface is not enough stable to resist from desorption when the nanoparticles are in contact with the mucus [START_REF] Messai | Adsorption of Chitosan onto Poly(D,L-lactic acid) Particles: A Physico-Chemical Investigation[END_REF]. Thus, several

According to Prego et al. [START_REF] Prego | Transmucosal macromolecular drug delivery[END_REF], the mucoadhesive properties of the carrier and its interaction with the mucus occurring in vivo are determinant to provide an efficient transport of the nanodevice carrying the drug across the epithelium resulting in increase of the bioavailability [START_REF] Prego | Transmucosal macromolecular drug delivery[END_REF]. Mucoadhesive properties were shown to depend on the coating material but also on the size of the nanoparticles [START_REF] Prego | Transmucosal macromolecular drug delivery[END_REF][START_REF] Ponchel | Specific and non-specific bioadhesive particulate systems for oral delivery to the gastrointestinal tract[END_REF]. Generally, the smallest nanoparticles accumulate more because of a higher diffusion in the mucus layer compared to bigger particles. However, according to a very recent study, Bertholon et al.

showed that the conformation of the chitosan chains grafted at the surface of poly(alkylcyanoacrylate) nanoparticles also influenced the bioadhesive properties of the nanoparticles on the intestinal mucosa [START_REF] Bertholon | Bioadhesive properties of poly(alkylcyanoacrylate) nanoparticles coated with polysaccharide[END_REF]. Indeed, these authors reported differences in bioadhesion with nanoparticles onto which chitosan was grafted either on a "side-on" conformation or on the "end-on" conformation. Adhesion of the nanoparticles to the intestinal mucus layer can be viewed as a complex process, including the diffusion of the particles in the hydrogel, depending on their size, followed by their interactions with the mucus glycoproteins depending on both the nature of the polysaccharide and its conformation at the nanoparticle surface. It is likely that the molecular interactions played a key role in this latter process. Interestingly these results suggest that bioadhesive properties of nanoparticulate systems can be modulated by a fine tuning of the surface properties of the particles.

Several other polysaccharides were used to obtain bioadhesive formulations of drugs [START_REF] Valenta | The use of mucoadhesive polymers in vaginal delivery[END_REF][START_REF] Song | Mucosal drug delivery: membranes, methodologies, and applications[END_REF]. Hyaluronic acid which is applied in ocular surgery to protect the corneal endothelium and to manipulate intraocular tissue is also a remarkable bioadhesive. It was suggested as coating material at the surface of nanoparticles made of poly(epsilon-caprolactone) for the development of bioadhesive ocular formulation of bioactive molecules to increase the retention of the drug at the level of the precorneal zone [START_REF] Barbault-Foucher | Design of poly-ecaprolactone nanosphere coated with bioadhesive hyaluronic acid for ocular delivery[END_REF]. The other polysaccharides found in pharmaceutical formulations which may be interested to use as bioadhesive coated material at the surface of nanoparticle drug carriers are alginate, dextran, starch, cellulose derivatives including carboxymethylcellulose and hydroxypropyl cellulose. These polysaccharides have in common high swelling properties in aqueous environment.

Use of carbohydrates to control the fate of drug carrier after intravenous administration.

The fate of nanoparticles administered by the intravenous route is controlled by the interactions between the nanoparticle surface and serum proteins. In the blood, nanoparticles are normally considered as foreign bodies and are rapidly recognized as such by the host defence system. The primary event of the recognition phenomena is basically nonspecific and result in a massive adsorption of serum proteins at the nanoparticle surface [START_REF] Moghimi | Stealth liposomes and long circulating nanoparticles: critical issues in pharmacokinetics, opsonization and protein-binding properties[END_REF][START_REF] Gref | Biodegradable long-circulating polymeric nanospheres[END_REF][START_REF] Leroux | An investigation on the role of plasma and serum opsonins on the evternalization of biodegradable poly(D,L-lactic acid) nanoparticles by human monocytes[END_REF]. Consequently, the complement system is activated leading to the labelling of the nanoparticle surface with specific activated proteins of the complement systems. Once the nanoparticles are labelled with activated complement proteins, they are efficiently recognized by macrophages of the mononuclear phagocyte system (MPS) due to the presence of the corresponding receptors at the cell surface. The overall process is so efficient that less than 5 minutes are generally necessary to remove from the blood 80 to 90% of the injected dose of the drug carrier. Following these events, the drug and its carrier are found in macrophages of the liver and of the spleen [START_REF] Vauthier | From polymer chemistry and physicochemistry to nanoparticulate drug carrier design and applications in Tissue Engineering and novel delivery system[END_REF][START_REF] Nobs | Current methods for attaching targeting ligands to liposomes and nanoparticles[END_REF][START_REF] Lenaerts | In vivo uptake of polyisobutyl cyanoacrylate nanoparticles by rat liver Kupffer, endothelial, and parenchymal cells[END_REF][START_REF] Owens | biodistribution, and pharmacokinetics of polymeric nanoparticles[END_REF]. This phenomenom is highly benefit to target drugs in the liver and spleen but hampered the distribution of the drug towards other biological territories.

Targeting territories, organs and tumors located outside the MPS organs can be achieved by triggering the host defence systems thanks to the modification of blood protein interactions with the nanoparticle surface in order to obtain long circulating nanoparticles. The more general approach https://doi.org/10.1002/9780470117118.ch1d consists of grafting poly(ethylene glycol) chains at the nanoparticle surface to reduce both opsonization of the carrier surface by blood proteins and complement activation [START_REF] Moghimi | Stealth liposomes and long circulating nanoparticles: critical issues in pharmacokinetics, opsonization and protein-binding properties[END_REF][START_REF] Moghimi | Long-circulating and target-specific nanoparticles: theory to practice[END_REF][START_REF] Gref | Biodegradable long-circulating polymeric nanospheres[END_REF][START_REF] Torchilin | Which polymers can make nanoparticulate drug carriers long-circulating?[END_REF]. An alternative route is based on a biomimetic approach using carbohydrates as material to coat the nanoparticle surface in order to modify interactions with blood proteins [START_REF] Chauvierre | Novel polysaccharide-decorated poly(isobutyl cyanoacrylate) nanoparticles[END_REF][START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF][START_REF] Passirani | Interactions of nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate) with the complement system[END_REF][START_REF] Labarre | Interactions of blood proteins with poly(isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF][START_REF] Passirani | Long-circulating nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate)[END_REF][START_REF] Lemarchand | Influence of polysaccharide coating on the interactions of nanoparticles with biological systems[END_REF][START_REF] Jaulin | Reduction of the uptake by a macrophagic cell line of nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate)[END_REF][START_REF] Rouzes | Surface modification of poly(lactic acid) nanospheres using hydrophobically modified dextrans as stabilizers in an o/w emulsion/evaporation technique[END_REF]. The design of biomimetic drug delivery systems using carbohydrate as surface coating material is almost infinite as much the diversity of carbohydrates appears to be in Mother Nature as exposed at the surface of the eukaryotic cells, bacteria, and viruses [START_REF] Gabius | The sugar code in drug delivery[END_REF][START_REF] Ratner | Tools for glycomics: mapping interactions of carbohydrates in biological systems[END_REF][START_REF] Holemann | Carbohydrate diversity: synthesis of glycoconjugates and complex carbohydrates[END_REF]. So far, only quite simple polysaccharides were used to modify surface properties of nanoparticle drug carriers. The simplest polysaccharide was dextran which is an alpha-1-6-poly(glucose). Measurements of complement activation given by different dextran-coated nanoparticles provided contradictory results depending on the method of the nanoparticle preparation. Indeed, dextran-coated poly(alkylcyanoacrylate) nanoparticles prepared by redox radical polymerization induced only a low complement activation [START_REF] Chauvierre | Novel polysaccharide-decorated poly(isobutyl cyanoacrylate) nanoparticles[END_REF][START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF][START_REF] Passirani | Interactions of nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate) with the complement system[END_REF][START_REF] Labarre | Interactions of blood proteins with poly(isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF] while dextran-coated nanoparticles prepared by other methods induced a strong activation of complement so does sephadex which is a reticulated dextran [START_REF] Chauvierre | Novel polysaccharide-decorated poly(isobutyl cyanoacrylate) nanoparticles[END_REF][START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF][START_REF] Labarre | Interactions of blood proteins with poly(isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF][START_REF] Lemarchand | Influence of polysaccharide coating on the interactions of nanoparticles with biological systems[END_REF][START_REF] Carreno | Specific antibodies enhance Sephadex-induced activation to the alternative pathway in human serum[END_REF][START_REF] Olivier | Développement d'un vecteur biomimétique[END_REF].

The contradictory complement activation measured could not be correlated to a marked difference in the interaction of the nanoparticles with blood proteins. Indeed, each type of the nanoparticles showed a proper pattern of blood protein absorption and no general behaviour could be drawn [START_REF] Labarre | Interactions of blood proteins with poly(isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF].

The hypothesis suggested to explain the results of complement activation is that it may depends on the conformation of the dextran chains at the nanoparticle surface which can be defined by the method of nanoparticle preparation. This hypothesis is supported by the results of a very recent work which showed that nanoparticles with dextran chains grafted at the nanoparticle surface on the "end-on" conformation are non activators when the molecular weight of dextran pass above a certain limit (40000g/mol) while the nanoparticles on which dextran are arranged on a "side-on" conformation activated complement whatever the molecular weight of dextran was [START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF]. The effect of the polysaccharide chain conformation was more evident with a series of chitosan-coated nanoparticles. Indeed, nanoparticles with chitosan on the "end-on" conformation were frankly non activators while the nanoparticles with chitosan on the "side-on" conformation were strong activators [START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF]. Although the conformation of the polysaccharide chains at the nanoparticle surface appeared to be a key parameter to control complement activation, several authors showed that the presence of dextran at the nanoparticle surface reduced the adsorption of albumin in favour of a reduction of opsonization phenomena [START_REF] Rouzes | Surface modification of poly(lactic acid) nanospheres using hydrophobically modified dextrans as stabilizers in an o/w emulsion/evaporation technique[END_REF][START_REF] Maruyama | Nanoparticle DNA carrier with poly(L-lysine) grafted polysaccharide copolymer and poly(D,L-lactic acid)[END_REF]. In term of biodistribution of the corresponding nanoparticles, the nanoparticles having dextran on the "side-on" conformation were recognized by macrophages of MPS and concentrated in the liver and in the spleen [START_REF] Torchilin | Recent advances with liposomes as pharmaceutical carriers[END_REF] while the nanoparticles with dextran on the "end-on" conformation remained in the blood circulation for a longer period [START_REF] Passirani | Long-circulating nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate)[END_REF].

Although chitosan coated nanoparticles showed contradictory results in complement activation depending on the conformation of the chains at the nanoparticle surface [START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF] the level of complement activation induced by chitosan was also influenced by the physico-chemical properties of the polysaccharide including its solubility, degree of deacetylation and molecular weight [START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF][START_REF] Benesch | Blood protein adsorption onto chitosan[END_REF][START_REF] Minami | Chitin and chitosan activate complement via the alternative pathway[END_REF][START_REF] Suzuki | Influence of physico-chemical properties of chitin and chitosan on complement activation[END_REF]. Using different chitosan and chitosan derivatives, nanoparticles with prolong circulation time in the blood can be obtained. Additionnaly, their distribution can be modulated in a certain way because they were found to accumulate in defined tissues outside the MPS [START_REF] Mitra | Tumour targeted delivery of encapsulated dextran-doxorubicin conjugate using chitosan nanoparticles as carrier[END_REF][START_REF] Banerjee | Preparation, characterization and biodistribution of ultrafine chitosan nanoparticles[END_REF][START_REF] Banerjee | Labeling efficiency and biodistribution of Technetium-99m labeled nanoparticles: interference by colloidal tin oxide particles[END_REF][102][103][104].

In Mother Nature, sialic acids play a key role of biological mask hiding epitopes at the cell surface which are immediately recognized by macrophages when the sialic acid is removed from the cell surface [103-107]. The most typical example is given by the erythrocytes which are rapidly destroyed when sialic acids are removed from their surface [START_REF] Durocher | Role of sialic acid in erythrocyte survival[END_REF][START_REF] Jancik | Sialic acid--a determinant of the life-time of rabbit erythrocytes[END_REF]109]. Highly virulent bacteria have also adopted sialic acids as coating material to escape host defence mechanisms [START_REF] Ourth | Bacterial sialic acid modulates activation of the alternative complement pathway of channel catfish ( )[END_REF][START_REF] Sakarya | Bacterial adhesins and the role of sialic acid in bacterial adhesion[END_REF][112]. Sialic acids which seem to inhibit complement activation allow cells and particular material to stay in the blood without being recognised by macrophages [START_REF] Ourth | Bacterial sialic acid modulates activation of the alternative complement pathway of channel catfish ( )[END_REF]. Thus, it was suggested to coat nanoparticles with sialic acids to mask their surface and avoid recognition by macrophages. Two different approaches https://doi.org/10.1002/9780470117118.ch1d were followed. At first, the adsorption of a sialic acid rich glycoprotein, orosomucoid, at the surface of poly(alkylcyanoacrylate) nanoparticles reduced opsonization of the nanoparticles and complement activation. However, the orosomucoide which was simply adsorbed at the nanoparticle surface was rapidly displaced from the surface by other serum proteins due to the Vroman effect and the effect of the sialic acids could be shown on short duration [START_REF] Olivier | Stability of orosomucoid-coated polyisobutylcyanoacrylate nanoparticles in the presence of serum[END_REF][START_REF] Olivier | Capillary electrophoresis monitoring of the competitive adsorption of albumin onto the orosomucoidcoated polyisobutylcyanoacrylate nanoparticles[END_REF]. Second, the nanoparticles coated with sialic acid were obtained from a copolymer of poly(sialic acid) and poly(lactic acid). These nanoparticles coated with a polysialic acid remained in the blood circulation longer than the uncoated nanoparticles after intravenous administration to mice [START_REF] Huve | Comprendre et éviter la capture des nanoparticules de poly(acidelactique) par le système des phagocytes mononucléaires[END_REF]. Poly(sialic acids) have the advantage of being biodegradable and their catabolic products (e.i. neuraminic acids) are not known to be toxic. Another important advantage of poly(sialic acids) is their T-independent antigens meaning that they do not induce immunological memory. Because of these properties, poly(sialic acids) are very promising molecules to design biomimetic drug carrier systems with an increase half life in the blood stream of drug carrier [START_REF] Gregoriadis | Polysialic acids: potential in drug delivery[END_REF][START_REF] Yamauchi | Effects of sialic acid derivative on long circulation time and tumor concentration of liposomes[END_REF]. The main limitation of the development of such drug carriers so far may be explained by the poor availability of poly(sialic acids) which remained a problem because they are produced by highly pathogenic bacteria strengths at a very high cost.

The other bioactive polysaccharide which appeared interesting to be used to produce surface modified nanoparticles reducing their recognition by the host defence was heparin. Heparin is used as a drug for its anticoagulation properties. Additionally, it is an inhibitor of the complement activation phenomenon [START_REF] Kazatchkine | Surface-associated heparin inhibits zymosan-induced activation of the human alternative complement pathway by augmenting the regulatory action of the control proteins on particle-bound C3b[END_REF][117][118]. It was demonstrated that heparin coated nanoparticles did not activate the complement system [START_REF] Chauvierre | Novel polysaccharide-decorated poly(isobutyl cyanoacrylate) nanoparticles[END_REF][START_REF] Passirani | Interactions of nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate) with the complement system[END_REF][START_REF] Labarre | Interactions of blood proteins with poly(isobutylcyanoacrylate) nanoparticles decorated with a polysaccharidic brush[END_REF] and remained in the blood stream for longer time compared to nanoparticles which do not show heparin on the nanoparticle surface [START_REF] Passirani | Long-circulating nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate)[END_REF]. Other polysaccharides extracted from mushrooms were found to inhibit the activation process of complement. They could be alternative polysaccharides to produce nanoparticles with reduced capacity to activate complement so does heparin [START_REF] Jeong | Characteristics of anti-complementary biopolymer extracted from Coriolus versicolor[END_REF].

According to the current experiences, several polysaccharides can be used to modulate the interactions of nanoparticle drug carriers with blood proteins modifying their blood clearance and consequently their biodistribution. Two categories of polysaccharides giving nanoparticles able to escape recognition from macrophages of the SPM can be identified. The first category including heparin and sialic acids are specifically interacting with serum protein according to a well-defined mechanism thanks to their specific biological activity being inhibitors of the complement activation phenomenom. The polysaccharide of the other category including dextran would interact with serum protein through nonspecific interactions. In addition to the specific and non-specific interactions with blood proteins, it was clearly demonstrated that the conformation of the chains grafted at the nanoparticle surface is one of the key parameters which control the complement activation phenomena and the opsonization of the nanoparticle surface. The nature of the polysaccharide and the molecular weight appeared at the second level of importance [START_REF] Bertholon | Labarre Core-shell poly(isobutylcyanoacrylate)-polysaccharide nanoparticles: influences of surface morphology, length and type of polysaccharide on complement activation in vitro[END_REF].

Carbohydrates and drug carrier targeting perspectives.

Colloidal carriers have proved their interest to deliver drugs by the intravenous route because of their potential to improve therapeutic index of the carried drug while reducing their side effects. Although with the current systems available it can be possible to enhanced accumulation of the drug in diseased tissue especially in tumors, the interactions of the carriers with diseased cells and their uptake remain insufficient. The main strategy which was proposed to further enhanced drug delivery and retention at the level of diseased cells is based on the active targeting of the drug [START_REF] Nobs | Current methods for attaching targeting ligands to liposomes and nanoparticles[END_REF][START_REF] Yamazaki | Endogenous lectins as targets for drug delivery[END_REF][START_REF] Ehrhardt | Selectins-an emerging target for drug delivery[END_REF][START_REF] Yamazaki | Biomedical nanotechnology for active drug delivery systems by applying sugar-chain molecular functions[END_REF]. This supposes that drugs reached target cells thanks to a highly specific biodistribution of the carrier.

Our experience with drug carriers suggests that such a degree of specificity will only be obtained if the drug carrier can recognize the target cells through very specific interactions.

One way to promote recognition between drug carriers and target cells is to attach ligands at the carrier surface being able to bind specifically to target cells [START_REF] Nobs | Current methods for attaching targeting ligands to liposomes and nanoparticles[END_REF][START_REF] Ehrhardt | Selectins-an emerging target for drug delivery[END_REF][START_REF] Yamazaki | Biomedical nanotechnology for active drug delivery systems by applying sugar-chain molecular functions[END_REF]. In this purpose, more or

Author version from Vauthier et al., In "Handbook of Pharmaceutical Biotechnology", 2007. https://doi.org/10.1002/9780470117118.ch1d less complex carbohydrates can be used as ligands of endogenous receptors for carbohydrates known as lectins at the cell surfaces. Lectines are universally found in the microbial world, on vegetal and animal cells [START_REF] Gabius | The sugar code in drug delivery[END_REF][START_REF] Sharon | History of lectins: from hemagglutinins to biological recognition molecules[END_REF]123]. They can bind various types of carbohydrates from simple monosaccharides to oligo or polysaccharides of complex structures with a very high specificity of recognition resulting in strong interactions. The binding is a very fast process and the recognition between the carbohydrate and the corresponding lectin can occur whether the carbohydrate is free or bound on a macromolecule or on the surface of cells and of drug carriers [123,[START_REF] Faivre | Specific interaction of lectins with liposomes and monolayers bearing neoglycolipids[END_REF]. So far, most of the work done in the field of active targeting was performed with liposomes and soluble polymers. At present, only few studies were carried out on nanoparticles [START_REF] Nobs | Current methods for attaching targeting ligands to liposomes and nanoparticles[END_REF][START_REF] Ehrhardt | Selectins-an emerging target for drug delivery[END_REF]125]. Microbial and vegetal lectins were bound to drug carriers as targeting moiety to find complementary carbohydrate epitopes at the surface of target cells [START_REF] Minko | Drug targeting to the colon with lectins and neoglycoconjugates[END_REF][127][START_REF] Montisci | Covalent coupling of asparagus pea and tomato lectins to poly(lactide) microspheres[END_REF]. However, with the recent progress in glycobiology, it seems that a better option would consist in grafting the carbohydrates on the drug carrier instead of lectins which often loose activity during the grafting process. Another advantage of using carbohydrates as the targeting moieties is that the drug carrier would be targeted towards cell receptors which expression levels are subjected to dramatic modifications upon physiological conditions of the cells. For instance, in several cancer cells, some receptors are specifically overexpressed while other are down regulated and almost disappear from the cell surface. Thus, it seems better to use the ligand receptor, i.e., carbohydrate, as the targeted moiety attached on the drug carrier to take advantage of differences in the level of receptor expression in the targeting strategy. This method which was applied with folic acid actually showed high targeting potential [129].

Additionally, it would probably be easier to find quite universal methods for grafting various types of carbohydrate moiety on nanoparticle surface in comparison with the coupling methods of proteins which needs to be finely adjusted for each protein receptor to preserve the functionality of their active site [START_REF] Holemann | Carbohydrate diversity: synthesis of glycoconjugates and complex carbohydrates[END_REF].

Many endogenous lectins in animals might serve as targets receptors for drug carriers exhibited complementary carbohydrates at the surface. Examples of animal lectins and principal characteristics, locations and specificities are given in table 1 while table 2 summarizes variations of the level of expression of lectins in several diseases that were already identified and reported in the literature.

This last table may be especially useful to identify over-expressed lectins on diseased cells and which may be used as target to direct drug delivery carriers bearing the corresponding carbohydrate ligand specifically toward them. Such a targeting strategy was successful using soluble drug carriers [START_REF] Minko | Drug targeting to the colon with lectins and neoglycoconjugates[END_REF][START_REF] Luo | Targeted Delivery of Doxorubicin by HPMA Copolymer-Hyaluronan Bioconjugates[END_REF][START_REF] Julyan | Preliminary clinical study of the distribution of HPMA copolymers bearing doxorubicin and galactosamine[END_REF][START_REF] Jensen | The cytoplasmic escape and nuclear accumulation of endocytosed and microinjected HPMA copolymers and a basic kinetic study in Hep G2 cells[END_REF], and in the case of targeting DNA/polymer complexes [130, [START_REF] Kim | Acidic polysaccharide isolated from Phellinus linteus enhances through the up-regulation of nitric oxide and tumor necrosis factor-[alpha] from peritoneal macrophages[END_REF][144][START_REF] Wu | Targeting genes: delivery and persistent expression of a foreign gene driven by mammalian regulatory elements in vivo[END_REF][START_REF] Wilson | Hepatocytedirected gene transfer in vivo leads to transient improvement of hypercholesterolemia in low density lipoprotein receptor-deficient rabbits[END_REF][147] bearing simple carbohydrate or polysaccharides. Most of the work done so far with nanoparticles included monoand di-saccharides as the targeting moiety. Lectins can recognize galactose and mannose residues after chemical grafting at the surface of polymer nanoparticles [148,[START_REF] Racles | Synthesis and Characterization of Water Soluble Saccharide Functionalized Polysiloxanes and Their Use as Polymer Surfactants for the Stabilization of Polycaprolactone Nanoparticles[END_REF]. Galactose was used to target paclitaxel-loaded nanoparticles towards hepatic cells. The lectins of the hepatic cells specifically recognised the galactose residues at the surface of the nanoparticles improving the targeting of the drug in these cells. Thus, the nanoparticles were found more toxic towards the cells expressing the lectin at the surface compared with cells devoid of the corresponding lectin [150]. It also seems that lactose bearing nanoparticles being recognized by asialoglycoprotein receptors of hepatic cells of mice are internalized by endocytosis [START_REF] Uchida | Graft copolymer having hydrophobic backbone and hydrophilic branches. 33. Interaction of hepatocytes and polystyrene nanospheres having lactose-immobilized hydrophilic polymers on their surfaces[END_REF]. A carbohydrate of Lewis was suggested as targeting moiety to target poly(lactide-co-glycolide) nanoparticles towards cells expressing E selectins on endothelial cells or in inflammatory sites. It was found that, for this more complex carbohydrate corresponding to an oligosaccharide, the affinity of the E-selectins for the Lewis carbohydrate exposed at the nanoparticle surface depended on the density of grafting [START_REF] Ehrhardt | Selectins-an emerging target for drug delivery[END_REF].

Author [START_REF] Ehrhardt | Selectins-an emerging target for drug delivery[END_REF] According to these data, targeting strategies which involve carbohydrates are principally directed towards cell receptors involved in mechanisms of cell regulation and communication either between cells or with the surrounding medium. They are based on very specific interactions with high affinity between the ligand and the corresponding receptor. So far, they have been applied with quite simple carbohydrates including monosaccharides, di-saccharides and some Lewis carbohydrates. It provided more than satisfactory results regarding the level of targeting specificity as evaluated in vitro using relevant cell models. Only few studies which went over the in-vitro stage were performed with liposomes and soluble drug carriers providing extremely convincing perspectives [START_REF] Yamazaki | Biomedical nanotechnology for active drug delivery systems by applying sugar-chain molecular functions[END_REF][START_REF] Julyan | Preliminary clinical study of the distribution of HPMA copolymers bearing doxorubicin and galactosamine[END_REF][START_REF] Sinha | Polysaccharides in colon-specific drug delivery[END_REF].

There is no doubt that similar targeting efficiency may be obtained with success using nanoparticles. It can also be expected that current investigations aiming to identify structures and biological functionalities of carbohydrates at a large scale will contribute amplifying our knowledge in cell communication and therefore highlighting new targets and targeting carbohydrate-based materials [START_REF] Gabius | The sugar code in drug delivery[END_REF][START_REF] Barchi | Emerging roles of carbohydrates and glycomimetics in anticancer drug design[END_REF][START_REF] Ratner | Tools for glycomics: mapping interactions of carbohydrates in biological systems[END_REF][START_REF] Holemann | Carbohydrate diversity: synthesis of glycoconjugates and complex carbohydrates[END_REF][START_REF] Jozefowicz | Randomness and biospecificity: random copolymers are capable of biospecific molecular recognition in living systems[END_REF]. This promises very exiting developments in the future. However, as stressed by Nobs et al, one has to keep in mind that the ability to achieve targeting in vivo depends directly on whether or not the target is accessible from the vascular compartment [START_REF] Nobs | Current methods for attaching targeting ligands to liposomes and nanoparticles[END_REF]. In the first case, particles bearing targeting moiety and having long circulating properties have a high probability to reach the target cells. On the contrary, when the target is extravascular, for instance in solid tumors, penetration of the carrier in the tumor tissue is more difficult because it needs to extravasate. In this case, the size of carriers needs also to be adjusted so that they can cross the vessel endothelial through the pores of the local discontinuous tumor microvasculature which may vary between 100 to 780 nm. Another requirement would probably concern the orientation of the carbohydrate moiety at the nanoparticle surface. Indeed, biological recognition systems are so sensitive that they are, for example, capable to differentiate small changes in conformation of epitopes at the surface of pathogens.

ENHANCEMENT OF CARBOHYDRATE THERAPEUTIC ACTIVITY BY ASSOCIATION WITH NANOPARTICLE DELIVERY SYSTEMS.

Research to understand biological functions of carbohydrates are currently extremely active providing new data almost everyday. The literature is growing exponentially in this very fast-moving area. The purpose of this chapter was not to review all the different biological activity known for carbohydrates today but was to focus on carbohydrates which biological activity are interesting for therapeutic purpose and whose therapeutic efficacy may be improved by association with a nanoparticle drug carrier.

Anti-infectious agents

The emergence of antibiotic resistant strengths of bacteria, parasites, fungus viruses and new pathogens are very demanding for the discovery of new anti-infectious agents. If the discovery of new molecules is undoubtedly the leading strategy in finding effective treatments, all active molecules will need to reach sites of infections where pathogens are located at sufficient concentration. Several efficient carbohydrate antibiotics were extracted from various strengths of Streptomyces. They are quite simple aminoglycoside molecules known as streptomycins including neomycin, gentamicin, or amikacin. Other recently discovered carbohydrate antibiotics including the family of the orthosomycins are more complex molecules. These carbohydrate antibiotics are very attractive because they are efficient against pathogen bacteria including those resistant to antibiotics used in last resort (penicillin or vancomycin). Their interest is so huge that several methods for their synthesis were already suggested [154-156]. However, they are generally very toxic for healthy tissues limiting the maximal dose of antibiotic which can be administered in patients and consequently the efficacy of treatment. In general, the efficacy of antibiotics can be considerably increased when they are associated with drug carriers thanks to a reduction of the toxicity and a higher accumulation in the infected cells which, in many infections, are cells of the mononuclear phagocytes system. The improvement of the safety profile of the targeted drug allowed administration of higher doses of the antibiotic when requested to promote treatment efficacy [START_REF] Adler-Moore | Development, characterization, efficacy and mode of action of ambisome (R)[END_REF][START_REF] Basu | Macrophage specific drug delivery in experimental leishmaniasis[END_REF]. In other cases, the therapeutic index of the antibiotic was markedly increased by factor ranging from 6 to up to 120, thus, the dose of antibiotic required to kill infectious agents can be considerably reduced [158][159][160][161][162][START_REF] Schiffelers | Liposome-encapsulated aminoglycosides in pre-clinical and clinical studies[END_REF][START_REF] Barratt | Colloidal drug carriers: achievements and perspectives[END_REF]. Complete sterilization of organs could be obtained with the antibiotic targeted with nanoparticles while the corresponding liposomal formulation could not completely sterilize the organs in the same experimental condition [165].

Currently, there is only one formulation of Amikacin in liposomes under clinical trials for treatment of tuberculosis. The antibiotic was found 2 to 6-fold more active than the free drug in an acute experimental model of murine tuberculosis in which bacteria are located in macrophages. The count of viable bacteria found in the liver and spleen was reduced by a factor of 3-log 10 compared with the untreated mice [158]. However, in human, this formulation was not as active as expected. To explain the disappointed results obtained, it was suggested that the liposomes could target the antibiotics in the macrophages, but this was not enough to reach extracellular bacilli which are clustered in cavity caseum in the human infection and can be responsible for reinfection. It was suggested that these residual bacteria may be reached using drug carriers with long-circulating properties.

So far, the more advanced studies on the targeting of antibiotics which reach the clinic stages were performed with liposomes. The only formulation marketed so far, Ambisome ® , is the more efficient treatment against leishmaniasis and other fungal infections [START_REF] Croft | Leishmaniasis--current chemotherapy and recent advances in the search for novel drugs[END_REF]. This demonstrates the high potential of targeted formulations of antibiotics to challenge devastating pathogens with rather toxic antibiotics for healthy tissue provided that they are targeted to the infected cells. It may be expected that research will continue considering targeting strategies of the most interesting carbohydrate antibiotics to improve the efficacy of anti-infectious treatments. In this view, it will also be interesting to pay attention to nanoparticle formulations which appeared more efficient than liposomes when they were tested in same conditions probably because of their higher stability in the blood compartment in vivo [START_REF] Basu | Macrophage specific drug delivery in experimental leishmaniasis[END_REF]161].

Some polysaccharides showed either antibacterial and anti-fungal activities or antiviral activity. For instance, the anti-bacterial and anti-fungal activity of chitosan was studied for a long time both in vitro and in vivo. They are used to control bacterial infections during wound healing process [START_REF] Senel | Potential applications of chitosan in veterinary medicine[END_REF].

The activity of chitosan against pathogens is maximal at acidic pH [START_REF] Senel | Potential applications of chitosan in veterinary medicine[END_REF]167]. The degree of acetylation has no influence on the activity but high molecular weight chitosans were reported to be active against the Gram-negative bacteria Escherichia coli [169]. Depending on the authors, either high or low molecular weight chitosan were reported to be active on the Gram-positive bacteria Staphylococcus aureus [168,169]. To explain activity of chitosan, it is assumed that high molecular weight chitosan may form a film around the bacterial preventing the exchange of nutriment while low molecular weight chitosan may enter bacteria cells to disturb metabolism [169]. Other mechanisms were suggested such as chelation of metal ions required for the synthesis of the bacterial toxin or interaction with cell membrane components inducing agglutination of bacteria or increasing of the permeability of the cell membrane [167,[START_REF] Liu | Chitosan kills bacteria through cell membrane damage[END_REF]. Chemically modified derivatives of chitosan such as diethy-methyl chitosane are more active than chitosan [171]. Chitosan has not yet been used in a targeted formulation for in vivo application. However, it was associated at the surface of nanoparticles to obtain fabrics with antibacterial activity.

Finally, antiviral activities were reported for polysaccharides bearing sulfonate groups. Most of the studies considered either the activity against the human herpes virus simplex 1 and 2 or against the Human Immunodeficiency Virus (HIV). Generally, the antiviral activity depended on the molecular weight, the amount and the distribution of the sulfonate groups, the conformation and flexibility of the polysaccharide chains [START_REF] Carlucci | Antiherpetic and anticoagulant properties of carrageenans from the red seaweed Gigartina skottsbergii and their cyclized derivatives:correlation between structure and biological activity[END_REF]. It was suggested that the anti-HIV activity can result from electrostatic interactions occurring between the negatively charged sulfonate groups of the polysaccharide and the positively charged amino groups of the glycoprotein GP120 of the virus envelope [173]. Polysaccharides with antiviral activity can be obtained by grafting sulfonate or sulfamide groups [START_REF] Carlucci | Antiherpetic and anticoagulant properties of carrageenans from the red seaweed Gigartina skottsbergii and their cyclized derivatives:correlation between structure and biological activity[END_REF][START_REF] Hattori | Synthesis of sulfonated amino-polysaccharides having anti-VIH and blood anticoagulant activities[END_REF]. Modified dextranes containing carboxymethyl benzylamine and carboxylmethyl benzylaline sulfonates groups showed anti-HIV activity [START_REF] Seddiki | Antiviral activity of derivatized dextrans on HIV-1 infection of primary macrophages and blood lymphocytes[END_REF] while the anti-herpes virus activity was described for carraghennan corresponding to sulfated polygalactanes extracted from a red alga [START_REF] Carlucci | Antiherpetic and anticoagulant properties of carrageenans from the red seaweed Gigartina skottsbergii and their cyclized derivatives:correlation between structure and biological activity[END_REF]. More interestingly, a sulphated polysaccharide extracted from the algae Caulerpa racemosa is active against strengths of the herpes virus resistant towards acyclovir which is one of the leading antiviral compounds used in clinics [176]. All these polysaccharides showing antiviral activity may be interesting compounds to target against infected cells.

Anticancer activity

Several small carbohydrates derivatives showed anticancer activity and are used in clinics as antitumoral drugs [START_REF] Marco | The discovery of daunorubicin[END_REF][START_REF] Osborn | Carbohydrate-based therapeutics[END_REF][START_REF] Barchi | Emerging roles of carbohydrates and glycomimetics in anticancer drug design[END_REF]. Pharmacologically active concentrations of such an anticancer drug in the tumor tissue are often reached at the expense of massive contamination of the rest of the body. As it was discussed above with antibiotics, this poor specificity creates a toxicological problem that represents a serious obstacle to effective anti-tumor therapy. Another obstacle to their efficient delivery is the occurrence of multidrug resistance (MDR) which may appear either as a lack of tumor size reduction or as a clinical relapse after an initial positive response to the tumor tissue, it can be either directly linked to specific mechanisms developed by the tumor cells or it can be connected to the physiology of the tumor tissue, including a poor vasculature and unsuitable physicochemical conditions [177]. Outside the tumor tissue, the resistance to chemotherapy can be due to the more general problem of the distribution of a drug relative to its targeted tissue [START_REF] Moghimi | Long-circulating and target-specific nanoparticles: theory to practice[END_REF]. To overcome drug resistance many attempts have been made using strategies that consider the more general problem of the control of the drug biodistribution either at the cellular level or at the tissue level [178,179]. All these reasons make small carbohydrate anti-tumoral drugs relevant candidates to be formulated in drug delivery systems allowing their targeting in tumors as it was already demonstrated with the anthracyclin doxorubicin [START_REF] Vauthier | Drug delivery to resistant tumors: the potential of poly(alkyl cyanoacrylate) nanoparticles[END_REF][START_REF] Jain | Delivery of molecular medicine to solid tumors: lessons from in vivo imaging of gene expression and function[END_REF][181][START_REF] Minko | Molecular targeting of drug delivery systems to cancer[END_REF][183].

Antitumor activity was reported for several polysaccharides too [START_REF] Barchi | Emerging roles of carbohydrates and glycomimetics in anticancer drug design[END_REF]. Nanoparticles made of chitosan either loaded with copper or unloaded showed a higher cytotoxicity against tumoral cells while their cytotoxicity remained low towards healthy cells of human liver L-02. The antitumoral efficacy depended on the nanoparticle diameter being the highest with the smaller nanoparticles (40 nm) [184]. Heparin showed interesting antitumoral activity especially when it formed complex with poly(beta-aminoesters), a positively charged polymer, which enhanced the intracellular penetration of heparin by endocytosis into cancer cells. The mechanism of the anticancer activity of heparin was explained by an induction of apoptosis in cells in which the polysaccharide was internalized. The specificity of the activity against cancer cells was explained by a favourable competition of the endocytosis towards these cells compared to the lower endocytosis activity of healthy cells. However, it may be suggested that the specificity of the delivery may further be increased by a specific delivery of the conjugate at the level of the tumor [185,[START_REF] Linhardt | Heparin-induced cancer cell death[END_REF]. Many other carbohydrates and polysaccharides have recently been isolated showing antitumoral activity. The characterization of their structure and mechanism of action are still not fully elucidated and this is part of a very active field of investigation. Among the very recently isolated compounds showing an antitumoral activity, several were extracted from plants, mushrooms and microorganisms [START_REF] Kim | Acidic polysaccharide isolated from Phellinus linteus enhances through the up-regulation of nitric oxide and tumor necrosis factor-[alpha] from peritoneal macrophages[END_REF][START_REF] Peng | Structure and antitumor activities of the watersoluble polysaccharides from Ganoderma tsugae mycelium[END_REF][START_REF] Zhang | Molecular weight and anti-tumor activity of the water-soluble polysaccharides isolated by hot water and ultrasonic treatment from the sclerotia and mycelia of Pleurotus tuber-regium[END_REF][189][190][START_REF] Cheng | Study for anti-angiogenic activities of polysaccharides isolated from Antrodia cinnamomea in endothelial cells[END_REF] or were collected from their culture medium [192]. It was shown that some of the extracted polysaccharides may interact with the host defence mechanisms to induce a production of interleukin-2 which in turn can stimulate either cytotoxic T lymphocytes, Natural Killer lymphocytes or production of antibody against tumoral cells [START_REF] Peng | Structure and antitumor activities of the watersoluble polysaccharides from Ganoderma tsugae mycelium[END_REF]. Other hypothesis suggested that the polysaccharides are able to stimulate macrophages resulted in a production of nitrogen oxide, NO, and of tumor necrosis factoralpha (TNF-α) [START_REF] Kim | Acidic polysaccharide isolated from Phellinus linteus enhances through the up-regulation of nitric oxide and tumor necrosis factor-[alpha] from peritoneal macrophages[END_REF][START_REF] Zhang | Molecular weight and anti-tumor activity of the water-soluble polysaccharides isolated by hot water and ultrasonic treatment from the sclerotia and mycelia of Pleurotus tuber-regium[END_REF][192][START_REF] Kabanov | Pluronic block copolymers as modulators of drug efflux transporter activity in the blood-brain barrier[END_REF][194]. A direct activity against tumoral cells was also assumed [START_REF] Zhang | Molecular weight and anti-tumor activity of the water-soluble polysaccharides isolated by hot water and ultrasonic treatment from the sclerotia and mycelia of Pleurotus tuber-regium[END_REF]189]. Finally, certain of the active compounds may act on the angiogenesis reducing the formation of neovessels required for the irrigation of the tumor tissue [190,[START_REF] Cheng | Study for anti-angiogenic activities of polysaccharides isolated from Antrodia cinnamomea in endothelial cells[END_REF].

Control of vascular smooth muscle cell proliferation

Several sulfonated polysaccharides showed ability to control proliferation of vascular smooth muscle cells. Certain compounds may act on the angiogenesis reducing the formation of neo-vessels required for the irrigation of tumor tissues [190,[START_REF] Cheng | Study for anti-angiogenic activities of polysaccharides isolated from Antrodia cinnamomea in endothelial cells[END_REF]. They can contribute to reduce tumor size growth. Other can inhibit the proliferation of the vascular smooth muscle cells on damaged artery to prevent and control artherosclerosis [START_REF] Clowes | Supression by heparin of smooth muscle cell proliferation in injured arteries[END_REF]. The inhibitor activity of the polysaccharides seemed to increase with their molecular weight because it is assumed that they are better internalized by cells. Among sulfonated polysaccharide, fucan showed a higher activity compared to heparin [START_REF] Logeart | Fucans, sulfated polysaccharides extracted from brown seaweeds, inhibit vascular smooth muscle cell porliferation. II. Degradation and molecular weight effect[END_REF]197]. With modified dextran, the inhibition of cell growth depended on the degree of substitution by sulfonate groups and on the presence of benzylamide groups. The production of collagen by the vascular smooth muscle cells was influenced by modified dextran and heparin [START_REF] Mestries | Chemicaly modified dextrans modulate expression of collagen phenotype by cultured smooth muscle cells in relation to the degree of carboxymethyl, benzylamide, and sulfation substitution[END_REF]. Complexes between sulfonated polysaccharides such as heparin, hyaluronate and chondroitine sulphate with chitosan were also reported to control proliferation of vascular smooth muscle cells [199].

Sulfonated polysaccharides present different biological activities. To take advantage of their antiproliferative activity towards vascular smooth muscle cells, it will be necessary to associate the polysaccharides with targeted drug carriers such as nanoparticles. The nanoparticles may also enhance the cellular endocytosis of the polysaccharides to further promote its anti-proliferative activity on vascular cells.

Activity on the immune system

Many of the antigens located at the surface of pathogens show more or less complex carbohydrate epitopes. The immune response induced by these antigens results in the production of antibodies which is relevant in the aim of vaccination [200][START_REF] Fattom | Development of StaphVAX TM , a polysaccharide conjugate vaccine against S. aureus infection: from the lab bench to phase III clinical trials[END_REF][START_REF] Menzel | Inhalative vaccination with pneumococcal polysaccharide in healthy volunteers[END_REF][203]. Thus a few vaccines were developed using polysaccharide antigens against meningitis [203,[START_REF] Moe | Molecular mimetics of polysaccharide epitopes as vaccine candidates for prevention of Neisseria meningitidis serogroup B disease[END_REF], pneumonia [START_REF] Menzel | Inhalative vaccination with pneumococcal polysaccharide in healthy volunteers[END_REF] and against Staphylococcus aureus which is responsible for nocosomial infections [START_REF] Fattom | Development of StaphVAX TM , a polysaccharide conjugate vaccine against S. aureus infection: from the lab bench to phase III clinical trials[END_REF]. Usually, an efficient vaccine requires formulation of the antigen with adjuvant. The more recent formulation strategy which was followed for vaccine development was based on the design of antigen presenting devices using nanotechnology [205][206][207]. Systems proposed so far on the one hand, derived from the liposome technology based on phospholipid bilayer reconstitution with incorporation of antigenic protein or glycoprotein i.e., virosomes [205,206] and, from the other hand, on the reconstitution of empty viral capside with viral recombinant proteins i.e., virus like particles [207]. Finally, the immune stimulating complex (ISCOM) corresponds to a nanosized aggregate (40 nm in diameter) of saponin, lipids and antigen held together by hydrophobic interactions occurring between the three components [208]. All these systems formed spontaneously upon self molecular assembly mechanisms. They were mainly developed as vaccines against viral infections and are mimicking viruses showing the corresponding antigenic epitopes at the surface. Although they are efficient for parenteral vaccinations, their application in mucosal vaccines is subjected to controversy because of possible stability problems in the biological environment of mucosa. Thus, there is a need for development of antigen presenting systems for bacterial antigens including those of polysaccharide nature and for antigen presenting devices stable enough in biological media encountered at the level of mucosa to develop mucosal vaccination. Several types of polymer nanoparticles were proposed as carriers for antigens to be used as vaccine adjuvants [209,[START_REF] Koping-Hoggard | Nanoparticles as carriers for nasal vaccine delivery[END_REF]. In general, in these systems, the antigen is mostly encapsulated within the nanoparticles and is not "visible" from the outside of the carrier as it is the case of systems obtained by self assembly molecules i.e., in virosomes and virus like particles. Polysaccharide-coated nanoparticles would be more suitable as possible antigen presenting devices.

To this purpose, nanoparticles were specifically designed to exhibit polysaccharide at the nanoparticle surface and can easily be obtained with various polysaccharides [211]. Its versatility should offer interesting developments for new vaccines as polysaccharide antigen presenting device.

Although carbohydrate antigens were first described a long time ago, their interactions with the immune system are not limited to the production of antibodies in the frame of vaccination. Indeed, some polysaccharide can modulate the immune system activity in a very specific manner. For instance, several polysaccharides interact with interleukin 10 (IL-10) [START_REF] Salek-Ardakani | Heparin and heparan sulfate bind interleukin-10 and modulate its activity[END_REF]. Human IL-10 is known to stimulated CD16 and CD64 receptor expression on the monocyte and macrophage population within peripheral blood mononuclear cells. Soluble heparin, heparan sulfate, chondroitin sulfate, and dermatan sulfate inhibit the human IL-10-induced expression of CD16 and CD64 in a concentrationdependent manner. The antagonistic effect of heparin on human IL-10 activity depends on Nsulfation, the de-N-sulfated heparin had little or no inhibitory effect on the IL-10-induced expression of CD16, whereas the effect of de-O-sulfated heparin was comparable to that of unmodified heparin. Furthermore, the inhibition of cell-bound proteoglycan sulfation reduced the human IL-10-mediated expression of CD16 molecules on monocytes and macrophages. Taken together, these findings support the hypothesis that soluble and cell-surface glucosaminoglycans, and their sulfate groups in particular, are important in binding and modulation of human IL-10 activity and therefore to promote or inhibit several pathways of the immune system. It may be suggested that these molecules grafted at the surface of a polymer nanoparticles may regulate the expression of the receptors at the cell surface modifying the immune system response in a very define and precise manner.

Small oligosaccharides are able to inhibit immune response by reducing production of oxidative species in immune cells. These components may be interested to control inflammatory process and for treatment of auto-immune diseases. Activity depended on both length and conformation of the oligosaccharides. It seemed that oligosaccharides longer than 6 residues and adopting a helical conformation enhanced interaction with immune system components [213]. The immunomodulation properties shown by such oligosaccharides can be combined with anti-inflammatory properties of other polysaccharides extracted from Costus spicatus [214]. Although several oligosaccharides are able to inhibit immune response, others stimulate the immune system. Polysaccharides extracted from Lycium barabrum promoted expression of IL-2, TNF-alpha in the peripheral mononuclear cells in human [START_REF] Gan | A polysaccahride-protein complex from Lyciul barbarum upregukates cytokine expression in human peripheral blood mononuclear cells[END_REF]. Those extracted from Discirea opposita induced proliferation of T lymphocytes [START_REF] Zhao | Structural features and immunological activity of a polysaccharide from Dioscorea opposita Thunb roots[END_REF]. It was suggested that stimulation of macrophages resulted from an interaction occurring between the n-acetylglucosamine groups of the oligosaccharides with the mannose calcium-independent receptors of the macrophages [START_REF] Peluso | Chitosan-mediated stimulation of macrophage function[END_REF]218].

Presenting under the form of nanoparticles, these polysaccharides may be better targeted towards macrophages and monocytes to focus activity of the polysaccharide in macrophages and to avoid reaching other cells which may be affected by unspecific action on metabolism or physiology. Indeed, it will be very important to precisely target polysaccharides like heparin because it has other biological activity. The various activities found for polysaccharides on the immune system may be used to finely tune the activity of the very complex defense system of the host. This could let to the emergence of new therapeutic strategies providing the polysaccharides or the oligosaccharides will be precisely targeted against the right cells of the immune systems.

Control of blood coagulation and complement activation

Polysaccharides and oligosaccharides may induce or inhibit blood coagulation depending on their structure. Chitosan and polysaccharides extracted from the Chinese laquer showed biological activity promoting the blood coagulation [173,[START_REF] Jeong | Characteristics of anti-complementary biopolymer extracted from Coriolus versicolor[END_REF]. In general, negatively charged polysaccharides including sulphate, sulfonate, carboxylic and sulphonamide groups show opposite activity having anticoagulant properties. Heparin which is used in clinics and for storage of blood in the blood banks is for sure the more generally known natural anticoagulant agent [START_REF] Blondin | Polysaccharides for vascular cell targeting[END_REF]220]. For the other polysaccharides including sulphated and carboxylated derivatives of dextran, galactomannan, pullulan and chitosan, it was shown that the amount of functional groups, their distribution along the chain and the molecular weight of the polysaccharide chains are all parameters which influence the anticoagulant activity of the polysaccharide [START_REF] Hattori | Synthesis of sulfonated amino-polysaccharides having anti-VIH and blood anticoagulant activities[END_REF][220][221][START_REF] Mauzac | Anticoagulant activity of dextra derivatives. Part I : synthesis and characterization[END_REF][START_REF] Magel-Din Hussein | Biological activities of some galactomannans and their sulfated derivatives[END_REF][START_REF] Alban | Anticoagulant sulfated polysaccharides: Part I. Synthesis and structure-activity relationship of new pullulan sulfates[END_REF][225][226]. In clinics, the main problem encountered with treatments based on the use of heparin is the rapid elimination of the polysaccharides from the blood stream. Long circulating formulations of heparin with longer biological and therapeutic efficacy may consist of heparin associated with long circulating drug carriers. It was reported that some nanoparticles coated with heparin displayed long circulating properties and that the anticoagulant activity of the heparin was preserved after grafting on the nanoparticle surface making these nanoparticles interesting as potential long-acting anticoagulant agent [START_REF] Chauvierre | Novel polysaccharide-decorated poly(isobutyl cyanoacrylate) nanoparticles[END_REF][START_REF] Passirani | Long-circulating nanoparticles bearing heparin or dextran covalently bound to poly(methyl methacrylate)[END_REF]. Heparin which is used in clinics must be administered via the parenteral route which is expensive, inconvenient, unsafe, and limits use by outpatients. The development of an oral form of heparin is more than warranted because the oral route remains the preferable route of administration of drugs for patient. It is also the safer and less expensive route for the administration of drugs so far. However, heparin is a polyanionic macromolecule and is unstable under acidic conditions of the stomach thus exhibiting poor oral bioavailability [START_REF] Siddhanta | Sulphated polysaccharides of Codium dwarkense Boergs. from the west coast of India: chemical composition and blood anticoagulant activity[END_REF]. Nanoparticles were found to enhance absorption of hydrophilic macromolecules across the intestinal epithelium [START_REF] Alonso | Nanomedicines for overcoming biological barriers[END_REF]. They appeared as interesting alternative for the development of an oral formulation of heparin to promote its bioavailability by this challenging route of administration.

NANOPARTICLE DRUG CARRIERS MADE OF CARBOHYDRATES FOR THE DELIVERY OF FRAGILE MOLECULES

Among the different delivery approaches explored so far to deliver complex molecules such as peptides, proteins, and nucleic acids by mucosal routes, those based on the use of polysaccharide nanoparticles were found interesting alternatives towards this ambitious goal thanks to physicochemical and biopharmaceutical properties of these polymers [START_REF] Vauthier | Development of Polysaccharide Nanoparticles as Novel Drug Carrier Systems in Handbook of Pharmaceutical Controlled Release Technology[END_REF][START_REF] Janes | Polysaccharide colloidal particles as delivery systems for macromolecules[END_REF][START_REF] Prego | Transmucosal macromolecular drug delivery[END_REF][START_REF] Alonso | Nanomedicines for overcoming biological barriers[END_REF]. Indeed, the mucosal delivery of these molecules is very challenging and despite their increasing market value, their clinical use was hampered due to their poor natural transport across biological barriers and their extremely rapid degradation in biological media. Elaboration of the polysaccharide nanoparticles requires neither organic solvent nor powerful homogenization procedure possibly damaging macromolecular drug activity [START_REF] Calvo | Evaluation of cationic polymer-coated nanocapsules as ocular drug carriers[END_REF]228]. This is an advantage regarding all the other preparation methods of nanoparticles. Indeed, the mild conditions used preparing polysaccharide nanoparticles suits with those required to preserve biological activity of peptides, proteins, and nucleic acids in the nanoparticle formulations [START_REF] Vauthier | From polymer chemistry and physicochemistry to nanoparticulate drug carrier design and applications in Tissue Engineering and novel delivery system[END_REF]. So far, nanoparticles made of chitosan have opened promising alternatives for the delivery of peptides, proteins and nucleic acids by the mucosal route including oral and nasal administration and for topical delivery of drugs in the eye [START_REF] Rajaonarivony | Development of a new drug carrier made from alginate[END_REF][START_REF] Vila | Design of biodegradable particles for protein delivery[END_REF][START_REF] Sakuma | Design of nanoparticles composed of graft copolymers for oral peptide delivery[END_REF]. The system which is stable in mucosal environment including in the harsh conditions of the gastrointestinal tract can interact with the negatively charged glycoproteins of the mucus which cover the epithelium retaining the nanoparticles on the mucosa surface. This retention effect due to bioadhesive properties of chitosan to mucus increases chance for the drug to be absorbed. The drug loaded nanoparticles either made of chitosan or bearing a chitosan coating enhanced drug penetration and absorption after administration by different mucosal routes. For instance, the oral absorption of salmon calcitonin was improved when it was associated with chitosan nanoparticles. Interestingly, this system elicited long-lasting hypocalcemia levels, whereas a calcitonin emulsion used as control led only to a negligible response [START_REF] Prego | Transmucosal macromolecular drug delivery[END_REF]. To explain the effect, it was suggested that the nanosystems were able to enter the epithelia and provided a continuous delivery of the peptide to the blood stream [START_REF] Prego | Transmucosal macromolecular drug delivery[END_REF]232,233]. Insulin-loaded chitosan nanoparticles also improved the delivery of insulin by the nasal route [234]. This formulation may be interested in applications requiring a rapid supply of insulin in the blood. Indeed, the hormone is absorbed in about 30 min, but the duration of the effect was quite short, lasting for 1.5 to 2 hours.

Chitosan nanoparticles as well as chitosan-coated nanoparticles were also found interesting for the delivery of antigens to the Nasal Associated Lymphoid tissue. The results indicated that the nanoparticles were able to facilitate the transport of the associated antigen across the nasal epithelium leading to an efficient antigen presentation to the immune system. This elicited both an IgA and IgG response increasing over time. For the immune response, it was suggested that not only the size and surface properties of the nanoparticles may influence the immune response but also the polymer composition and the structural architecture of the nanosystems which were found critical for the optimization of such antigen carriers [START_REF] Koping-Hoggard | Nanoparticles as carriers for nasal vaccine delivery[END_REF]. For the delivery of antigen by the oral route, it has very recently been proposed to coat chitosan nanoparticles with alginate in order to prevent a burst released of the antigen in the intestinal medium and to further improve stability of the chitosan nanoparticles in this very aggressive medium [235].

Chitosan nanoparticles and chitosan-coated nanoparticles showed interesting bioadhesiveness on the cornea and good ocular tolerance. Their potential for the delivery of drugs at the ocular level was investigated. Both systems showed suitable delivery properties to improve topical administration of drugs at the level of the ocular mucosa [START_REF] Sakuma | Design of nanoparticles composed of graft copolymers for oral peptide delivery[END_REF]. Chitosan-coated nanoparticles, which are very versatile regarding their drug-loading capacity and release properties, increased the drug levels in cornea and aqueous humour to a significantly greater extent compared to the commercial drug preparation or to the drug-loaded uncoated nanoparticles. These nanoparticles were clearly able to enhance transportation of the drug across the cornea to reach the inner part of the eye. In contrast, chitosan nanoparticles accumulated into the corneal and conjunctival epithelia where increased concentration of drugs can be maintained for a prolonged duration. Initial experiments have indicated the adequate tolerance and low toxicity of these ocular drug carriers [START_REF] De Campos | The effect of a PEG versus a chitosan coating on the interaction of drug colloidal carriers with the ocular mucosa[END_REF].

Several polysaccharides can form complex with nucleic acids. This property was exploited to formulate DNA loaded nanoparticles to deliver genes and antisens oligonucleotides in vivo. Most of the polysaccharide-based carriers were obtained from chitosan and alginate [START_REF] Janes | Polysaccharide colloidal particles as delivery systems for macromolecules[END_REF]236]. In vitro, expression of gene transfected into cells using chitosan nanoparticles reached similar level than the expression level obtained with reference transfection agents including Lipofectin ® and Surperfect ® [START_REF] Douglas | Effect of experimental parameters on the formation of alginate-chitosan nanoparticles and evaluation of their potential application as DNA carrier[END_REF]. The nanoparticles presented high encapsulation efficiency and good protection of DNA from DNase digestion [238]. To further improve transfection properties of chitosan nanoparticles and enhance the specificity of the carrier toward the target cells, Manssouri et al suggested to attach folic acid residues on the nanoparticle surface [239]. Nanoparticles made of polyesters or silica coated with chitosan or modified chitosan may also serve as carriers for DNA plasmids or for antisens oligonucleotides [START_REF] Janes | Polysaccharide colloidal particles as delivery systems for macromolecules[END_REF][START_REF] Ravi Kumar | Preparation and characterization of cationic PLGA nanospheres as DNA carriers[END_REF][START_REF] Mansouri | Characterization of folate-chitosan-DNA nanoparticles for gene therapy[END_REF][241][242][START_REF] Zimmer | Antisense Oligonucleotide Delivery with Polyhexylcyanoacrylate Nanoparticles as Carriers[END_REF]. In these nanoparticles, the nucleic acid is adsorbed on the carrier surface thanks to the formation of polyion complex with the polycationic polysaccharide standing at the nanoparticle surface. Another system made of alginate nanoparticles was reported to associate antisens oligonucleotides [START_REF] Zobel | Cationic polyhexylcyanoacrylate nanoparticles as carriers for antisense oligonucleotides[END_REF]. The stability of the associated oligonucleotides in presence of serum was considerably improved indicating that the carrier system may be suitable for the in vivo delivery of antisens oligonucleotides. The main objective of gene therapy is to obtain successful in vivo transfer of the genetic material to the targeted tissue. However, the growing potential of gene therapy will not achieve this goal until the issue of gene delivery has been resolved [245]. Naked DNA cannot be delivered efficiently. Consequently, good gene delivery formulations are needed requiring good encapsulation efficiency of DNA, protection from degradation and specific targeting to desired cells. The optimal system is still not found. The polysaccharide nanoparticles presenting so far good complexing and transfection efficiency are interesting potential systems. It may be expected that research on these systems will continue to grow and expand in the close future.

Polyanionic polysaccharides including heparin were shown to interact strongly with hemoglobin preserving its functionality as oxygen carrier [START_REF] El-Aneed | An overview of current delivery systems in cancer gene therapy (2004)[END_REF]. This was exploited to load functional haemoglobin on heparin coated nanoparticles to be used as possible oxygen carrier for in vivo applications [START_REF] Riggs | Preparation of blood hemoglobins of vertebrates[END_REF].

The nanoparticles having a diameter of 80 nm showed the highest haemoglobin-loaded capacity compared to other carrier systems. Indeed, they can associate up to 40 mg haemoglobin per gram of nanoparticles while other nanoparticles showed one third of this loading capacity [START_REF] Riggs | Preparation of blood hemoglobins of vertebrates[END_REF][START_REF] Chauvierre | Heparin coated poly(alkylcyanoacrylate) nanoparticles coupled to hemoglobin: a new oxygen carrier[END_REF]. The functionality of hemoglobin standing in the heparin corona at the nanoparticle surface was preserved as well as the anticoagulant activity of heparin. This system in which a drug may additionally be incorporated in the polymer core can constitute a new generation of multifunctional drug delivery system. https://doi.org/10.1002/9780470117118.ch1d 20

CONCLUSION

In the recent years, there has been a resurgence of interest in the biological role of carbohydrates.

Active research which started a couple of years ago already highlighted the many biological roles and the diverse functions of carbohydrates in physiological and diseased processes. Several are useful for application as powerful drugs providing that they are specifically deliver to the diseased cells. Their combination with nanoparticle drug carriers may be required improving their efficacy and specificity at the target site. From another point of view, several polysaccharides appeared to be interesting constituents of drug carrier having remarkable mucoadhesive properties and promoting drug delivery by mucosal routes. The wide applications of carbohydrates in the design of drug delivery systems are isslutrated in figure 1. Carbohydrates based nanoparticles appeared to be well tolerated so far. However, full toxicological studies have not been performed yet and safety of the formulated delivery systems will be an important point to clarify in the near future for further development for in vivo use. Finally, because carbohydrates are implicated in many cell recognition mechanisms and cell signalling phenomena based on high specific interactions with corresponding cell receptors, they may provide very useful tools to increase targeting specificity of drug delivery systems towards defined cells in vivo. A considerable work remains to be done before all potential of carbohydrates will be depicted and ready to be integrated in the design of better-defined drug delivery systems with more precise functions. This will require the understanding of the role of biological functions of more carbohydrates found in Mother Nature and production or synthesis of sufficient amounts of the defined carbohydrate to clarify their functionalities. From the first results of the experiences done so far on quite simple systems, it may be expected carbohydrates they will allow to step over a new
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 1 Figure 1: Diverse carbohydrate properties and their application in design of nanoparticle drug delivery system.

Table 1 .

 1 version from Vauthier et al., In "Handbook of Pharmaceutical Biotechnology", 2007. https://doi.org/10.1002/9780470117118.ch1d Principal characteristics of some animal lectins.

	Class		Subclass	General properties			Localization	Specific ligand	Non-specific	Ref.
									Ligand
				Endocytic	Asialoglycoprotein receptors	Hepatocyte	Ending β D galactose	[120,130]
				receptors					Ending N Acetylgalactosamine
					Involved in the clearance of	Liver endothelial cells	Ending N Acetylgalactosamine
					desialylated proteins		Kuppfer cells	Ending N Acetylgalactosamine
									Macrophages	Mannose	[131,132]
									Parenchymal liver cells	Arabinogalactane	Dextran
									Ending Galactose
									Non parenchymal liver cells	Pullulan
									Manan	Dextran	[133]
									Pullulan
	C -Lectins	Calcium dependent		Selectins Collectins	Transmembrane glycoproteins involved in cell traffic to injury and inflammation sites phenomena Involved in innate immune	Platelets (P selectin) + endothelial cells Endothelial cells (E selectin) Leukocyte (L selectin)	Heparin Sulfated and sialylated ligands Heparin allergens Saccharides on pathogens or	Arabinogalactan	[121,125] [121,125,134] [132,134] [132]
				Proteoglycans Involved	in	regulation	Hyaluronate receptor:	Hyaluronic acid and sodium salts	[135-138]
					mechanisms of cell growth,	CD44: hematopoietic cells
					differentiation	and	lipid	Fibroblast
					metabolism.				RHAMM: Fibroblast	[139]
									Smooth muscular cells
									Macrophages
									Lymphocytes
									ICMA 1: Leukocytes
									Macrophages
									Non hyaluronate receptors:	Fructose, Galactose	[132]
	S-Lectins	Calcium	independent	Galectins 1 Galectins 3	Cell adhesion and proliferation, regulation of immune infections Allergy, inflammatory process Eosinophils Skeletal muscle Macrophages Neutrophils	Β Galactoside Glucose β Galactoside Glucose	[132,140]
									Epithelial cells

Table 2 :

 2 Modification of expression level of different lectins in several pathologies

	Pathologies		Over-expressed lectins	Under-expressed	Ref.
				lectins
	Cancer		P Selectins in plasma		[121,125,140
			Hyaluronate receptor CD44		]
			and RHAMM	
			Galectins	
	Metastasis		E Selectins	
			Hyaluronate receptor CD44		[132]
			and RHAMM		[135-138]
	Colon cancer		Galectins 1 et 3	Galectin 8
	Meningeal leukaemia		L Selectins		|126]
	Malignant B-cells		L Selectins		[121]
					[121]
	Angiogenesis		E Selectins		[132]
	Connective tissue disease		P Selectins in plasma		[121,125]
	Rheumatoid arthritis		P Selectins in plasma		[121,125]
			E Selectins	
	Asthma, allergy		P Selectins in plasma	L Selectins	[121,125]
			E Selectins	
	Multiple sclerosis		L Selectins		[121]
	Kawasaki disease		E Selectins	L Selectins	[121]
	Guillain -Barre syndrome		E Selectins		[121]
	Intestine disease		P Selectins in plasma		[121,125]
	Sever infection (malaria)		P Selectins in plasma		[121,125]
			E Selectins	
	Neonatal bacterial infection		L Selectins	[121]
	HIV		L Selectins		[121]
	Insulin-dependent diabetes	L Selectins		[121]
	Risk factors of stroke			L Selectins	[121]
	Cardiopulmonary	bypass		L Selectins
	surgery