Narimane Lammari 
  
Mohamad Tarhini 
  
Karim Miladi 
  
Ouahida Louaer 
  
Hassen Abdeslam 
  
Souad Meniai 
  
Hatem Sfar 
  
Abdelhamid Fessi 
  
Elaïssari 
  
Wahida Louaer 
  
Abdeslam Hassen Meniai 
  
Souad Sfar 
  
Hatem Fessi 
  
Abdelhamid Elaissari 
  
Encapsulation methods of active molecules for drug delivery

Keywords: nanocarriers, polymeric nanoparticle, liposome, solid lipid nanoparticle, drug delivery

come    

Introduction

Over the past few decades, enormous efforts have been devoted to developing nanotechnology as a novel platform to bypass most common hurdles encountered in traditional drug delivery such as poor stability, low bioavailability, poor solubility and the bitter taste of active agents [START_REF] Stella | Nanoparticles: an overview of the preparation methods from preformed polymers[END_REF]. Nanotechnology, a buzzword of this era, has transformed the face of research in numerous sectors, such as textiles [START_REF] Harifi | Application of nanotechnology in sports clothing and flooring for enhanced sport activities, performance, efficiency and comfort: a review[END_REF], electronic engineering [START_REF] Lu | The role of nanotechnology in the development of battery materials for electric vehicles[END_REF], agriculture [START_REF] Prasad | Nanotechnology in Sustainable Agriculture: Recent Developments, Challenges, and Perspectives[END_REF], food [START_REF] He | Nanotechnology in food science: Functionality, applicability, and safety assessment[END_REF] and pharmaceutical/biomedical fields [START_REF] Nikalje | Nanotechnology and its Applications in Medicine[END_REF], [START_REF] Enrico | Chapter 3 -Nanotechnology-Based Drug Delivery of Natural Compounds and Phytochemicals for the Treatment of Cancer and Other Diseases[END_REF]. The application of nanotechnology for diagnosis, treatment, monitoring, and control of biological systems promotes the concept of nanomedicine, an extensively studied field, in which many colloidal drug carriers have been designed, in particular, nanoparticles [START_REF] Nikalje | Nanotechnology and its Applications in Medicine[END_REF], [START_REF] Moghimi | Nanomedicine : current status and future prospects[END_REF], [START_REF] Farjadian | Nanopharmaceuticals and nanomedicines currently on the market : challenges and opportunities[END_REF]. Nanoparticles (NPs) are nano-sized structures dedicated to: i) carry the pharmaceutical agent to a specific tissue, ii) protect the drug from premature degradation, iii) lower the required dose for effective therapy, iv) minimize side effects and thereby v) increase the safety profile and therapeutic index of drugs [START_REF] Lombardo | Smart Nanoparticles for Drug Delivery Application : Development of Versatile Nanocarrier Platforms in Biotechnology and Nanomedicine[END_REF]. Moreover, NPs are employed as an approach to increase the bioavailability of pharmaceutical ingredients by improving the cellular uptake, especially in cancer treatment.

For instance, doxorubicin, a well-known anticancer drug, suffers from its poor pharmacokinetics behavior including poor bioavailability after oral administration. Khdair et al. displayed that encapsulating doxorubicin in chitosan-based-NPs enhances its uptake by MCF-7 and Caco-II tumor cell lines [START_REF] Khdair | Modified-chitosan nanoparticles: Novel drug delivery systems improve oral bioavailability of doxorubicin[END_REF]. Regarding the cutaneous administration, NPs enhances the skin penetration of drugs. A recent study revealed that the encapsulation of psoralen, widely used for psoriasis treatment, in liposomal carriers, increases the skin permeation by 5 fold and reduced the cytokine levels of psoriasis [START_REF] Doppalapudi | Psoralen loaded liposomal nanocarriers for improved skin penetration and efficacy of topical PUVA in psoriasis[END_REF]. Other drugs like docetaxel suffer from their low aqueous solubility which hinders their clinical uses. The nanoencapsulation could also hinder the low aqueous solubility. Qureshi et al. demonstrated that the incorporation of docetaxel in lipid nanocarriers leads to a 686 times increase in water solubility [START_REF] Qureshi | Sustained release docetaxel-incorporated lipid nanoparticles with improved pharmacokinetics for oral and parenteral administration[END_REF].

Depending on the preparation methods, nanocarriers can be broadly divided into two main categories: polymer-based nanocarriers and lipid-based nanocarriers [START_REF] Lombardo | Smart Nanoparticles for Drug Delivery Application : Development of Versatile Nanocarrier Platforms in Biotechnology and Nanomedicine[END_REF]. Amongst the several nanoparticulate systems investigated in drug delivery, polymeric nanoparticles (pNPs), liposomes and solid lipid nanoparticles (SLNs) have received much attention [START_REF] El-Say | Polymeric nanoparticles : Promising platform for drug delivery[END_REF]- [START_REF] Geszke-Moritz | Solid lipid nanoparticles as attractive drug vehicles: Composition, properties and therapeutic strategies[END_REF]. In this context, this chapter highlights the recent development of nanocarrier systems for drug delivery with a focus on the principal properties and preparation methods of the main polymer based-nanocarriers (polymeric nanoparticles) and lipid based-nanocarriers (such as liposomes and solid lipid nanoparticles). Furthermore, the current status of their therapeutic applications is also presented and shortly discussed.

Polymer-based nanoparticles

During the last decades, polymeric nanoparticles have drawn tremendous attention owing to their peculiar characteristics and behaviours arising from their small size [START_REF] Crucho | Polymeric nanoparticles: A study on the preparation variables and characterization methods[END_REF]. As demonstrated by different authors, these nanoparticulate systems show prospects for a wide range of applications due to their substantial benefits including upraised drug stability against photo-or chemical degradation, controlled drug release, increased drug-tissue interaction and consequently decreased adverse effects and improved therapeutic index [START_REF] El-Say | Polymeric nanoparticles : Promising platform for drug delivery[END_REF], [START_REF] Mallakpour | Polymeric nanoparticles : Recent development in synthesis and application[END_REF]- [START_REF] Amoabediny | Overview of preparation methods of polymeric and lipid-based (niosome, solid lipid, liposome) nanoparticles: A comprehensive review[END_REF].

Polymer-based nanoparticles are spherical in shape with a size range ranging from 10 to 1000 nm. They can exist in two different forms, a polymeric layer surrounding a hollow core (nanocapsules), or a polymeric matrix extended from the core to the surface (nanospheres).

The localization of the active molecule within these two forms depends on its chemical structure. In some cases, the drug can also be adsorbed or grafted onto the surface of the particles [START_REF] El-Say | Polymeric nanoparticles : Promising platform for drug delivery[END_REF], [START_REF] Egusquiaguirre | 29 -Nanotherapeutic Platforms for Cancer Treatment: From Preclinical Development to Clinical Application[END_REF], [START_REF] Campos | Chapter 1 -Nanopreparations for skin cancer therapy[END_REF]. Based on the origin of the polymer intended for NPs formulation, two types are used: natural and synthetic polymers. Their main features are their biodegradability and biocompatibility [START_REF] Calzoni | Biocompatible Polymer Nanoparticles for Drug Delivery Applications in Cancer and Neurodegenerative Disorder Therapies[END_REF]. The most widely explored natural polymers are chitosan, alginate and proteins such as albumin [START_REF] Zazo | Current applications of nanoparticles in infectious diseases[END_REF]. Amongst the various synthetic polymers, polylactide-polyglycolide, polylactide, polycaprolactones, and polyacrylates have been extensively used [START_REF] Rao | Polymer nanoparticles : Preparation techniques and size-control parameters[END_REF]. For the preparation of polymer-based particles, various methods have been developed. The choice of the appropriate method depends on many factors such as solubility of the drug in water and organic solvents, physicochemical properties of the polymer and the target carrier specifications (i.e., size, size distribution, surface charge nature, surface porosity, etc…) [START_REF] Crucho | Polymeric nanoparticles: A study on the preparation variables and characterization methods[END_REF], [START_REF] Krishnaswamy | Chapter 2 -Sustainable Delivery Systems Through Green Nanotechnology[END_REF]. The most commonly reported processes used for polymer particles formulations are shown in Figure 1. 

Nanoprecipitation method

Nanoprecipitation is a one-step process allowing the instantaneous and reproducible generation of narrow distribution of submicron particles [START_REF] Stella | Nanoparticles: an overview of the preparation methods from preformed polymers[END_REF]. It was first reported by Fessi et al. [START_REF] Fessi | Nanocapsule formation by interfacial polymer deposition following solvent displacement[END_REF]. In this process, an organic solution containing a non-water-soluble polymer (solvent phase) is mixed with water (non-solvent phase). It is interesting to notice that both phases are miscible, and the mixture of the two phases becomes a bad solvent of the selected polymer leading to its precipitation via an instantaneous solvent diffusion mechanism [START_REF] Haghiralsadat | Overview of Preparation Methods of Polymeric and Lipid-Based ( Noisome , Solid Lipid , Liposome ) Nanoparticles : A Comprehensive Review[END_REF]. For nanocapsules preparation, the same process is used except for adding oil to the organic phase in order to form an inner oily core [START_REF] Couvreur | Nanocapsule technology: a review[END_REF]. The benefits of the nanoprecipitation technique include facility, rapidity, reproducibility, and scalability [START_REF]Nanoprecipitation of cellulose acetate using solvent/nonsolvent mixtures as dispersive media -ScienceDirect[END_REF], [START_REF] Albisa | Preparation of Drug-Loaded PLGA-PEG Nanoparticles by Membrane-Assisted Nanoprecipitation[END_REF]. Moreover, in this technique, the use of a stabilizer , in the case of charged polymer, or high production energy is avoided [START_REF] Maaz | Influence of nanoprecipitation method parameters on nanoparticles loaded with gatifloxacin for ocular drug delivery[END_REF]. The main drawback of this method is low loading efficiency for hydrophilic drugs due to the hydrophobicity of a nanoparticle matrix [START_REF] Haghiralsadat | Overview of Preparation Methods of Polymeric and Lipid-Based ( Noisome , Solid Lipid , Liposome ) Nanoparticles : A Comprehensive Review[END_REF]. Nonetheless, several strategies have been asserted to enhance the loading of these molecules [START_REF] Arpicco | Recent studies on the delivery of hydrophilic drugs in nanoparticulate systems[END_REF].

Simple emulsion evaporation method

A simple emulsification evaporation method has been developed by Vanderhoff et al. to design polymeric nanoparticles [START_REF] Vanderhoff | Polymer emulsification process[END_REF]. In this process, the polymer and the drug are first dissolved in a volatile water-immiscible organic solvent. Ethyl acetate, owing to its better toxicological profile, has been widely used as a solvent instead of chloroform and dichloromethane [START_REF] Vauthier | Methods for the preparation and manufacture of polymeric nanoparticles[END_REF]. The organic polymer solution is emulsified with an aqueous phase containing a suitable stabilizer under high shear stress (e.g. by homogenization or ultrasonication) [START_REF] Haghiralsadat | Overview of Preparation Methods of Polymeric and Lipid-Based ( Noisome , Solid Lipid , Liposome ) Nanoparticles : A Comprehensive Review[END_REF]. The organic solvent is then evaporated by continuous stirring at room temperature or under reduced pressure leading to polymer precipitation and nanoparticle formation. The benefits of using this encapsulation method are high encapsulation efficiency of hydrophobic drugs, easy to process and good reproducibility. However, some disadvantages are related to this process; in particular, the poor encapsulation efficiency of hydrophilic drugs, the possible coalescence of droplets during evaporation which may lead to polydisperse polymer particles and the need for a high shear process in order to obtain submicron size with a narrow size distribution [START_REF] Stella | Nanoparticles: an overview of the preparation methods from preformed polymers[END_REF], [START_REF] Crucho | Polymeric nanoparticles: A study on the preparation variables and characterization methods[END_REF].

Double emulsion evaporation method

The double emulsification evaporation method has been proposed as an alternative to nanoprecipitation and simple emulsification evaporation methods in term of encapsulation of hydrophilic drugs [START_REF] Garti | Double emulsions: Progress and applications[END_REF]. For instance, this technique, consisting of two-step emulsification, can encapsulate both hydrophobic and hydrophilic drugs because of the presence of several water and oil layers [START_REF] Iqbal | Preparation of biodegradable PCL particles via double emulsion evaporation method using ultrasound technique[END_REF]. In the first step, the water-in-oil emulsion is formed after the homogenization of an aqueous phase (W1) containing the hydrophilic drug with an oily phase (O) that is generally a polymer solution dissolved in an organic solvent containing the necessary hydrophobic drug. The second step is the emulsification of the first W1/O emulsion in another aqueous phase (W2) containing an appropriate stabilizer, under high shear homogenization or low power sonication to form a double emulsion (W1/O/W2). Although this method can encapsulate both hydrophilic and hydrophobic drugs, it presents several drawbacks such as: low colloidal stability of the resulting particles, high shear stirring that may induce emulsion fragmentation, foam formation, and above-micron size polydisperse particles [START_REF] Stella | Nanoparticles: an overview of the preparation methods from preformed polymers[END_REF].

Ionic gelation

The ionic gelation method has been developed by Calvo et al. as a novel approach that avoids harmful organic solvents or high shear forces [START_REF] Calvo | Novel Hydrophilic Chitosan -Polyethylene Oxide Nanoparticles as Protein Carriers[END_REF]. Among the different natural polysaccharides such as chitosan, some polyelectrolytes and alginates are widely used in the ionic gelation based process. These polyelectrolytes can be crosslinked by electrostatic interaction with an added oppositely charged molecules or macromolecules that can ultimately lead to ionic gelation and therefore to polysaccharide particles formation [START_REF] Yang | Preparation and application of micro/nanoparticles based on natural polysaccharides[END_REF]. The ionic gelation consists of the transition from a liquid to gel state upon complexation between the positively charged amino group of chitosan and the negatively charged tripolyphosphate compound widely used as a polyanion crosslinker leading generally to submicron particles [START_REF] Mohanraj | Nanoparticles -A Review[END_REF]- [START_REF] López-León | Physicochemical characterization of chitosan nanoparticles: electroki-netic and stability behavior[END_REF]. The main benefits of this method are in particular the use of aqueous solvents instead of organic solvents. Moreover, ionic gelation is simple, reproducible and a scalable process [START_REF] Kunjachan | Understanding the mechanism of ionic gelation for synthesis of chitosan nanoparticles using qualitative techniques[END_REF], [START_REF] Usmiati | The Using of Ionic Gelation Method Based on Polysaccharides for Encapsulating the Macromolecules-A Review[END_REF].

Supercritical fluid method

All the above methods often involve the use of toxic solvents and / or surfactants that are dangerous to the environment as well as to physiological systems [START_REF] Miah | Surfactant free synthesis of gold nanoparticles within meso-channels of non-functionalized SBA-15 for its promising catalytic activity[END_REF]. Consequently, current research has been directed to explore safer techniques to develop carriers of …. Supercritical fluids have fascinated the interest of many researchers as they are environmentally friendly solvents [START_REF] Soppimath | Biodegradable polymeric nanoparticles as drug delivery devices[END_REF]. Supercritical CO 2 is the most frequently used supercritical fluid due to its low price, abundancy, non-flammability and non-toxicity. In the supercritical antisolvent process, the drug and the polymer are dissolved in a liquid solvent such as methanol that is totally miscible with the supercritical fluid. A supercritical antisolvent, A supercritical antisolvent is then added to the solution in a closed chamber, at ambient pressure. The insolubility of the solute in the fluid results in the instant precipitation of the solute, leading to particles formation [START_REF] Rani | Polymeric Nanoparticles in Targeting and Delivery of Drugs[END_REF]. Despite the advantage of using environmentally safe materials, some drawbacks are linked to this method since it requires special equipment and is very expensive to be developed as a routine technique [START_REF] Ranjit | Nanoparticle: An overview of preparation, characterization and application[END_REF].

Liposomes

Liposomes were first described by Alec Bangham in 1961 [START_REF] Bangham | Diffusion of univalent ions across the lamellae of swollen phospholipids[END_REF], [START_REF] Li | Composition design and medical application of liposomes[END_REF]. Liposomes are vesicles which are made of one or more lipid bilayers. They can be classified into 3 categories: small unilamellar vesicles (SUV), large unilamellar vesicles (LUV) and multilamellar vesicles (MLV). Liposomes can also be classified according to their surface charge. In fact, they can be non-charged (zwitterionic), cationic or anionic.

The interest of liposomes is related to their ability to contain hydrophilic molecules in their aqueous phase and lipophilic molecules in their lipid bilayers as illustrated in Figure 2 [START_REF] Van Tran | Liposomes for delivery of antioxidants in cosmeceuticals: Challenges and development strategies[END_REF].

Furthermore, liposomes bear a good cell affinity and biodegradability. Lipid bilayers are constructed of phosphatidylcholine and cholesterol. The latter ensures the physical stability of the bilayers. 

3.1.Hydration of a Thin Lipid Film

Thin lipid film hydration is the first process used for liposomes preparation. This method consists of the dissolution of lipid ingredients in an organic solvent such as; ethanol, methanol or chloroform in a round-bottom flask [START_REF]Drug carriers in osteoporosis: Preparation, drug encapsulation and applications -ScienceDirect[END_REF]. Subsequent evaporation of the obtained phospholipids solution allows the formation of a lipid film. Its hydration by water or a buffer solution enables the formation of liposomes dispersion (see Figure 3). Sonication, homogenization or extrusion may also be performed to ensure size reduction and particles uniformity [START_REF] Patil | Novel methods for liposome preparation[END_REF]. 

3.2.Detergent Dialysis

Detergents at their critical micelle concentrations (detergent concentration above which micelles begin to form) can be used to solubilize lipids (see Figure 4). In the detergent dialysis method, phospholipids are solubilized by detergent micelles in an aqueous phase. After detergent removal by dialysis, phospholipid-rich micelles coalescence is obtained, and liposomes are formed. Advantages of this technique include good reproducibility and size uniformity. However, residual detergent retention represents the main drawback [START_REF] Patil | Novel methods for liposome preparation[END_REF]. Dialysis can be performed with a commercial device called LipoPrep (Diachema AG, Switzerland) can also be obtained in dialysis bags engrossed in large detergent free buffers [START_REF] Akbarzadeh | Liposome: classification, preparation, and applications[END_REF]. There are other ways to using dialysis to remove detergent molecules such as chromatographic methods. 

3.3.Solvent Injection Technique

In the solvent injection technique, phospholipids are dissolved in an organic solvent such as ethanol or ether, then, this solution is slowly injected into an aqueous buffer solution. SUV dispersion is then obtained. Self-assembly of lipids in the aqueous phase to form liposomes occurs following either ethanol dilution in water or ether evaporation (See Figure 5) [START_REF] Gharib | Hydroxypropyl-ß-cyclodextrin as a membrane protectant during freeze-drying of hydrogenated and non-hydrogenated liposomes and molecule-in-cyclodextrin-in-liposomes: Application to trans-anethole[END_REF].

The ethanol injection method was first described in 1973 [START_REF] Batzri | Single bilayer liposomes prepared without sonication[END_REF]. The main advantage of this method is that narrow size distribution of submicron liposomes (generally under 100 nm) could be obtained without extrusion or sonication [START_REF] Laouini | Preparation, Characterization and Applications of Liposomes: State of the Art[END_REF].

The ether injection method differs from the ethanol injection method since the ether is immiscible with the aqueous phase. The relevance of this method compared to the ethanol injection solvent removal from the product which allows the process to run for an extended period. A more prolonged process was shown to form concentrated liposomes suspension with high loading efficiency [START_REF] Laouini | Preparation, Characterization and Applications of Liposomes: State of the Art[END_REF]. 

3.4.Reverse-Phase Evaporation Technique

The reverse phase evaporation method enables the preparation of liposomes with high aqueous space-to-lipid ratio. This allows a large percentage of aqueous material to be loaded.

The technique is based on the creation of inverted micelles [START_REF] Akbarzadeh | Liposome: classification, preparation, and applications[END_REF]. The latter are formed when phospholipids solution in an organic phase is hydrated by the addition of water with vigorous mixing. This results in the formation of a water-in-oil emulsion. Subsequent evaporation of the organic phase results in the micelles transformation into a gel-like dispersion (Figure 6). At some point, the gel state collapses and the excess of phospholipids in the environment leads to an aqueous liposomes suspension containing both LUV and MLV [START_REF] Kaddah | Cholesterol modulates the liposome membrane fluidity and permeability for a hydrophilic molecule[END_REF].

Figure 6. Reverse phase evaporation technique

3.5.Membrane contactor technology:

Membrane contactors are used to mix two materials [START_REF] Huang | Progress involving new techniques for liposome preparation[END_REF]. This property is used to enable the mixing of the lipid and the water phase to obtain liposomes (see Figure 7). Jaafar-Maalej et al. used a membrane contactor where phospholipid solution in ethanol was extruded into an aqueous phase [START_REF] Jaafar-Maalej | A new method for liposome preparation using a membrane contactor[END_REF]. The obtained liposomes were prepared by a modified ethanol injection method. In this study, a tubular Shirazu porous glass (SPG) membrane with a mean pore size of 900 nm was used. Laouini et al., 2011, used polypropylene hollow fibers which allowed access to larger membrane areas and uniform flows thus, improving efficiency [START_REF] Laouini | Liposome preparation using a hollow fiber membrane contactor--application to spironolactone encapsulation[END_REF]. Thi Thuy Pham et al. reported the use of membrane contactor technology to produce liposomes on an industrial scale. Their product could be obtained in a very reproducible manner [START_REF] Pham | Liposome and niosome preparation using a membrane contactor for scale-up[END_REF].

Advantages of the membrane contactor technique include greater control of liposome size, high encapsulation efficiency, continuous operation and scale-up of the process [START_REF] Patil | Novel methods for liposome preparation[END_REF]. 

Solid lipid nanoparticles

Solid lipid nanoparticles (SLNs) are other lipid-based carriers that have emerged as a less toxic, more biocompatible alternative for polymeric based nanoparticles. Moreover, it has been claimed that SLNs actually unite the benefits of lipid emulsion systems, liposomes, and polymeric nanoparticles, while sweeping away temporal and in vivo stability [START_REF] Jaafar-Maalej | Lipid-based carriers: manufacturing and applications for pulmonary route[END_REF]. The general chemical composition of these particles are surfactants and sometimes co-surfactants and a lipid matrix that acquires a solid-state at physiological temperature. The lipid matrix of SLNs should be composed of lipids that have good biocompatibility and a melting point above body temperature. With these characteristics, the commonly used materials to structure the lipid core are fatty acids, fatty alcohols, waxes, and triglycerides. In fact, the crystal structure of the lipid core is critical for the feasibility of SLN systems since it may affect controlled drug release and colloidal stability of the dispersion. The formation of a solid core is determined by components ratio and the choice of the preparation method [START_REF] Bayón-Cordero | Application of Solid Lipid Nanoparticles to Improve the Efficiency of Anticancer Drugs[END_REF].

Different preparation methods were used in the literature to prepare SLNs such as highpressure homogenization, microemulsion, solvent emulsification evaporation, and solvent emulsification diffusion [START_REF]Solid lipid nanocarriers in drug delivery: characterization and design[END_REF]. These techniques are differentiated by the complexity of their execution and the characteristic of their final product [START_REF] Geszke-Moritz | Solid lipid nanoparticles as attractive drug vehicles: Composition, properties and therapeutic strategies[END_REF].

4.1.High-pressure homogenization

High-pressure homogenization (HPH) is widely used in the pharmaceutical industry since it is easy to scale-up and produce high-quality products with small particle size and higher homogeneity. HPH uses a sophisticated device (high-pressure homogenizer) that is able to push liquids through a narrow gap (micron size) with high pressure (from 100 to 2000 bar) creating an acceleration over a very short distance [START_REF] Dumont | Lipid-based nanosuspensions for oral delivery of peptides, a critical review[END_REF].

In brief, the lipid is heated at 5 to 10°C above its melting point, and the drug is dissolved within. After that, two different approaches can be undertaken One approach is hot homogenization, in which the drug-lipid melt is dispersed in a hot aqueous surfactant solution under stirring at the same temperature creating the pre-emulsion. Then, a hot oil-in-water (O/W) nanoemulsion is formed by homogenization using a piston-gap homogenizer. This nanoemulsion is then cooled to room temperature allowing the formation of lipid crystals creating SLNs [START_REF] Müller | Solid lipid nanoparticles (SLN) for controlled drug deliverya review of the state of the art[END_REF].

Another approach is cold homogenization that is started with cooling down the drug-lipid melt allowing the formation of solid lipid microparticles (between 50 and 100 nm) that are then dispersed in a cold surfactant solution shaping a pre-suspension. This pre-suspension is on its turn and is strongly homogenized, breaking down the microparticles and forming SLNs.

The cold HPH approach is used in the case of thermosensitive drugs where at cold conditions, lipid melting is minimized and therefore prevents the diffusion of hydrophilic drugs into the water phase [START_REF] Trotta | Preparation of solid lipid nanoparticles by a solvent emulsification-diffusion technique[END_REF].

4.2.Microemulsion

This method was first developed by Gasco [START_REF] Gasco | Method for producing solid lipid microspheres having a narrow size distribution[END_REF]. It is based on the precipitation of lipid particles by diluting the system with water. Briefly, a microemulsion is formed by adding a mixture of water, surfactant, and co-surfactant to the lipid melt. Taking into account that the water mixtures should be heated to the same temperature as the lipid and added under mild stirring. The formed microemulsions are then diluted in a cold aqueous phase which causes their precipitation into SLNs.

Different types of surfactants and co-surfactants were used in this method such as lecithin, biliary salts, and alcohols. In addition, it is important that during the precipitation step, mixing should be done by mild mechanical agitation to guarantee that the small size of the obtained SLNs is due to precipitation and not agitation. This method has the advantages of being a solvent-free process with gentle preparation conditions. Making it suitable for the encapsulation of various therapeutic peptides and active molecules [START_REF] Dumont | Lipid-based nanosuspensions for oral delivery of peptides, a critical review[END_REF].

4.3.Emulsion methods

Emulsion-diffusion (ED) requires the use of three different liquid phases. The organic phase in which the lipids and the lipophilic drug are dissolved (solvent) and generally miscible with the aqueous phase. An aqueous phase containing a stabilizing agent (non-solvent)and a dilution phase that usually involves a large amount of water. Solvent and non-solvent phases are mutually saturated. The organic phase is emulsified in the water phase under high shear stirring. After that, the water dilution phase is subsequently added allowing the diffusion of the organic solvent to the outer water resulting in the precipitation of lipids and the formation of SLNs. The obtained SLNs by this method are diluted, therefore, a concentration step is followed by ultra-filtration or freeze-drying. The advantage of this technique is the avoidance of temperature use which reflects better stability of the system in general and the drug encapsulated in particular [START_REF] Das | Recent Advances in Lipid Nanoparticle Formulations with Solid Matrix for Oral Drug Delivery[END_REF], [START_REF] Miladi | Particles from preformed polymers as carriers for drug delivery[END_REF].

Emulsion-evaporation (EE) is differentiated from ED by the fact that the non-solvent used should be immiscible with the solvent. In addition, it is critical that the evaporation temperature of the solvent is lower than the non-solvent. After the formation of a simple emulsion, the organic solvent is evaporated leading to the precipitation of the lipids in the non-solvent phase and formation of nanoparticles that are stabilized instantaneously by surfactants. This leads to the formation of O/W nanoemulsion and in some cases, a double emulsion can be done leading to the formation of W/O formulations. A major drawback of EE is the use of a water-immiscible solvent that can be harmful for human administration [START_REF] Dumont | Lipid-based nanosuspensions for oral delivery of peptides, a critical review[END_REF], [START_REF] Fuentes | Design of lipid nanoparticles for the oral delivery of hydrophilic macromolecules[END_REF]. 

Therapeutic applications:

Numerous active molecules have been encapsulated in nanomaterials to obtain various 363 therapeutic applications. This has led to the emergence of nanomedicine, which is the field 364 that combines nanotechnology with pharmaceutical and biomedical sciences. For instance, 365 polymeric nanoparticles represent the simplest form of soft materials used for nanomedicine 366 applications. This is due to their easy synthesis and wide biomedical applications. In fact, two 367 of the top 10 best-selling drugs in the US in 2013 were polymeric drugs (Copaxone® and 368 Neulasta®), [START_REF] Duncan | Polymer therapeutics: Top 10 selling pharmaceuticals -what next?[END_REF], [START_REF] Bobo | Nanoparticle-Based Medicines: A Review of FDA-Approved Materials and Clinical Trials to Date[END_REF]. Liposomes also represent another feature of nanomedicine. Until properties could be conferred by solid lipid nanoparticles or nanostructured lipid carrier [START_REF] Poovi | Lipid nanoparticles: A challenging approach for oral delivery of BCS Class-II drugs[END_REF].
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The following Table 1 shows some examples of nanomedicine-based formulations. Fungal infections [START_REF] Alhowyan | Antifungal efficacy of Itraconazole loaded PLGA-nanoparticles stabilized by vitamin-E TPGS: In vitro and ex vivo studies[END_REF] Nanoprecipitation Poly-(D, L-lactic-co-glycolic acid) Cisplatin 126 nm -12 mV

Ovarian cancer [START_REF] Domínguez-Ríos | Cisplatin-loaded PLGA nanoparticles for HER2 targeted ovarian cancer therapy[END_REF] Simple emulsion Poly-(D, L-lactic-co-glycolic acid) and Gly-L-Phe-DThr-Gly-L-Phe-L-Curcumin 200-250 nm -22 mV Alzheimer's disease [START_REF] Barbara | Novel Curcumin loaded nanoparticles engineered for Blood-Brain Barrier crossing and able to disrupt Abeta aggregates[END_REF] Leu-LSer(O-b-D-Glucose)-CONH2 (g7) 

Conclusion

Nanomedicine offers an enormous outlook for upgrading current therapies and emerging new treatment tools for illness previously assumed difficult or impossible to treat.

Nanostructured systems have shown exciting benefits due to their size and shape since they can reach areas which are inaccessible using other conventional drug delivery systems protect the drug molecules from premature degradation, sudden clearance, and toxic manifestations.

Nanostructured systems can also deliver the drug to a specific tissue site or cell leading to increased drug amounts at a local site hence enhancing the therapeutic profile. In this chapter, we spotlight recent advances of both lipid and polymer based-nanocarriers such as liposomes, solid lipid nanoparticles and polymeric nanoparticles in the emergence of new concepts for the efficient transport of drug molecules. The first section of this review has provided information about the properties and recent developments in the synthesis of these nanosystems. Several methods have been explored for nanocarrier preparation, nonetheless, the choice of the appropriate approach is a crucial key to gain specific requirements.

Additionally, this paper has reviewed current applications of these carriers. The discussed nanostructured systems provide interesting perspectives for applications in several fields such as drug and gene delivery, biomedical imaging, diagnosis, and theranostics. The specific functionalization of the carrier surface can enhance its biodistribution to target cells and limit its delivery into healthy ones. Consequently, engineering nanocarriers with specific surface [START_REF] Silva | Preparation, characterization and biocompatibility studies on risperidoneloaded solid lipid nanoparticles (SLN): High pressure homogenization versus ultrasound[END_REF] receptors can be considered to be the turning point leading, in the future to a potent use of these systems in large-scale therapeutic applications.

Figure 1 .

 1 Figure 1. Schematic illustration of nanoprecipitation, simple emulsion evaporation, and double emulsion evaporation processes.

Figure 2 .

 2 Figure 2. Liposomes containing hydrophilic and hydrophobic active drug.
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 3 Figure 3. Hydration of a thin lipid film (example of a hydrophobic drug incorporated in cyclodextrins).
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Figure 5 .

 5 Figure 5. Solvent injection technique.

Figure 7 .

 7 Figure 7. Membrane contactor technique

Figure 8
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 8 Figure 8. Preparation methods of solid lipid nanoparticles

  369today, around 20 liposomal products have been approved by regulatory agencies, especially 370 for cancer management. Other therapeutic indications of liposome-based products include 371 antifungal and antibacterial drugs, analgesics, vaccines, and photodynamically active agents 372[START_REF] Skupin-Mrugalska | Chapter 6 -Liposome-Based Drug Delivery for Lung Cancer[END_REF]. In addition, lipid-based carriers have been evidenced to be attractive candidates for 373 active encapsulation. In fact, lipid materials could circumvent barriers associated with the oral 374 administration of poorly soluble drugs or drugs with intestinal permeability issues. Such
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