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Introduction

For more than two decades, nano-or micro-sized polymeric particles have been widely studied for various applications such as chemical sensors, coating, chromatography, delivery systems,… 1-5. On the one hand, biodegradable polymeric microparticles 6,7 or nanoparticles 8-10 have extensively been reviewed as drug/gene/protein delivery systems, and some of us have reported about biodegradable polylactide (PLA) core/polyethylene glycol (PEG) shell 11,12 or PLA/dextran shell [13][14][15][16] nanoparticles. On the other hand, polymeric microparticles have also been investigated as microcarriers (MCs) on the surface of which stem cells adhere during their expansion. 17 Mesenchymal stem cells (MSCs) are multipotent progenitor cells found in bone marrow and other organism sites. While MSCs offer very promising clinical perspectives in regenerative medicine and in cellular therapy 18-21 , MSCs are scarcely present in the organism (1 MSC among 10 4 total cells in bone marrow) 19 . As large quantities of MSCs (> 5 10

The main objective of the present work is to investigate the substitution of PVA by dextran derivatives as biodegradable/biocompatible surfactants to formulate fully in vivo bioresorbable dextran-covered PLA-based MCs. These latter will be produced using emulsion/organic solvent evaporation (E/E) process, and in some experiments the polysaccharide shell will be in-situ attached to the PLA core via an Huisgen-type Copper (I)catalysed Azide-Alkyne Cycloaddition (CuAAC) click-chemistry. By this way, clicked and non-clicked MCs will be thus formulated. It should be noted that we already reported this original process to produce highly stable nanoparticles and nanocapsules 13,37,38 . To this end, several dextran-based surfactants (Fig. 1) were produced. Some of them, carrying several alkyne groups, will be used to achieve the in situ CuAAC reaction when using -azido functionalized PLA (PLA-N 3 ) as core. Moreover, to produce MCs with a positively charged surface known to promote cells adhesion 29,39,40 , we also chose to functionalize dextran with some ammoniums as commercial diethylaminoethyl-dextran hydrochloride suffers from serious drawbacks in terms of number and nature of ammoniums.

The main part of this study is then devoted to the MCs' shell stability evaluation in the presence of the culture medium 26 or SDS (Sodium DodecylSulfate, a competitive anionic surfactant). While Privalova et al. 29 studied the effect of the MCs' topography and surface chemistry on the cell behaviour, no paper deals with the MCs' shell stability. Unfortunately, as the shell-based dextran of MCs is very thin ( 10nm compared to average PLA-based MC's diameter of 150-250 µm), it was not possible to directly quantify the polysaccharide amount at the surface of such particles (less than 10 mg of dextran per gram of PLA). Consequently, we selected a fluorescent dextran-based surfactant (Dex-C≡C-coumarin, Fig. 2) to indirectly study this stability. In the same time, we formulated nanoparticles (NPs) with the same chemical composition as MCs.

With such NPs, the dextran shell thickness was around 12 nm for an average NPs diameter of 115 nm and the amount of dextran per gram of PLA was higher than 100 mg 37 , thus making the NPs' shell stability evaluation very easy.

Materials and methods

Materials

Dextran T40

= 35,000 g mol -1 and Ð=1.2; values determined by size exclusion chromatography (SEC) coupled to a multi-angle laser light scattering (MALLS) detector in water (0.1M NaNO 3 )) was purchased from Aldrich and dried under vacuum at 100°C for one night. PLA batches were purchased from Aldrich (PLA Aldrich , = 27,000 g mol -1 and Ð=1.9) or donated by Natureplast (PLA Natureplast , = 31,000 g mol -1 and Ð=1.7). These PLA molar masses were determined by SEC-MALLS in THF. PVA was purchased from Aldrich ( #3,000 g mol -1 and 23% acetate as estimated by 1 H NMR in DMSO-d 6 ). Glycidytrimethylammonium chloride, 1,2-epoxyoctane, tetrabutylammonium hydroxide 30-hydrate (TBAOH), 4methylumbelliferone (7-Hydroxy-4-methylcoumarin), 1,2dibromoethane, copper sulphate pentahydrate (CuSO 4 , 5H 2 O), ascorbic acid (AAsc), bismuth subsalicylate (BiSS), N,N,N′,N′′,N′′pentamethyldiethylenetriamine (PMDETA), ethylenediamine tetraacetic acid (EDTA), sodium dodecyl sulphate (SDS), tosyl chloride (TsCl), triethylamine (Et 3 N), trimethylamine hydrochloride, potassium carbonate (K 2 CO 3 ), magnesium sulphate (MgSO 4 ), sodium azide (NaN 3 ), copper and copper(I) bromide (CuBr) were obtained from Sigma-Aldrich and used without any further purification. CH 2 Cl 2 , DMF, DMSO were dried and distilled with appropriate methods before use. Activated hex-5-ynoic acid was prepared according previous paper . D,L-lactide was purchased from Alfa Aesar, recrystallized twice from fresh distilled toluene and dried under vacuum for a night. Benzyl alcohol (BzOH) was purchased from Aldrich, vacuum distilled over CaH 2 , then diluted with dry CH 2 Cl 2 . Culture medium was alpha-minimum essential medium (-MEM) (purchased from Sigma) supplemented with 5% human platelet lysate, 1% antibiotics (penicillin G, streptomycin, amphotericin B, Fisher W3473M), 4 mM glutamine and 2 IU heparin. Hydrophobized dextran (Dex-C 6 , Fig. 1) 42 and alkynated dextran (Dex-CC, Fig. 1) 41 were obtained as previously described.

In the following, the dextran derivatives will be called Dex-X % or Dex-X % -Y % , where X and Y stand for the grafted group (for example, C 6 or C≡C) and % the yield of substitution (i.e., the number of grafted (X or Y) groups per 100 glucopyranosic units). In the present study, Dex-C 6 14 and Dex-CC 27 (see 1 H NMR spectra in Fig S1 ) were selected due to their convenient interfacial properties to decrease liq/liq interface and to stabilize solid PLA/water interface.

Dex-C 6 -CC (Fig. 1)

Dex-C 6 7
, produced as previously reported 42 was modified to introduce several alkyne groups

41

. Briefly, around 10.0 g of Dex-C 6 7

were dissolved in 100 mL of dry DMSO at 60°C. 0.10 eq. of activated hex-5-ynoic acid per glucopyranosic unit were then added to the medium, which was left under stirring at 60°C for 48 h. Crude product was precipitated twice in cold ethanol, then dried under vacuum at room temperature for one night. The yield of substitution in alkyne groups was estimated by 1 H NMR in DMSOd 6 , according to equation 1:

(equation 1)
with A b the peak area of two protons b (centred at 1.7 ppm), A H1 the peak area of anomeric protons (from 4.6 to 4.7 ppm) and A OH the total area peaks of the hydroxyl protons of the glucopyranosic unit (OH 2 , OH 3 , OH 4 , between 4.4 and 5.2 ppm) (Fig. S1). As previously demonstrated, (A 1 + A OH ) corresponds globally to four protons per glucopyranosic unit, whatever the substitution yield 43 .

Ammonium functionalized hydrophobized dextran (Dex-N

+ -C 6 ,Fig.

1)

In the first step, 5.0 g of dextran were dissolved in 50 mL of NaOH (1 mol/L) by stirring at 25°C. 

(equation 3)
with A H14 the peak area of the 3 methyl protons (from 0.9 to 1.1 ppm, Fig. S2).

Ammonium functionalized alkynated dextran (Dex-N + -CC)

Dex-N + -CC was obtained from Dex-N +11 (see above) and alkyne groups were grafted in the last step (Fig. 1C), according previously described procedure
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. Briefly, 5.0 g of Dex-N +11 were dissolved in 50 mL of DMSO by stirring at 60°C. 0.25 eq. of activated hex-5-ynoic acid per glucopyranosic unit were then added to the medium, which was left under stirring at 60°C for 48 h. Crude Dex-N + -CC product was precipitated in cold ethanol, dialyzed against deionized water for 24h, then freeze-dried. The yield of substitution in alkyne groups was estimated by Firstly, 5.0 g of 4-methylumbelliferone (2.838 10 -2 mol) were dissolved in 50 mL of dry DMF at 60°C, then 2.0 eq. of K 2 CO 3 (7.845 g, 5.676 10 -2 mol) were added. The medium was evacuated and filled by nitrogen three times and left under nitrogen. Next, 10.0 eq. of 1,2-dibromoethane (24,45 mL, 2.838 10 -1 mol) were introduced in the medium and the reaction was left under stirring and nitrogen at 60°C for 3 hours. The reaction was carried out away from light. Afterward, 100 mL of CH 2 Cl 2 and 100 mL of water were added to the medium. The aqueous layer was extracted three times with 100 mL of CH 2 Cl 2 . Organic layers were combined, washed five times with 100 mL of water, dried over MgSO 4 and evaporated under reduced pressure at 40°C. The product (1) was finally dried under vacuum for one night and obtained as a white powder (Fig. S3).

Secondly, 2.0 g of (1) (7.064 10 -3 mol) were dissolved in 30 mL of dry DMSO by stirring at 25°C. 1.1 eq. of NaN 3 (0.505 g, 7.771 10 -3 mol)

were then added to the medium and the reaction was left under stirring at 25°C for 48 hours in the dark. Next, 100 mL of CH 2 Cl 2 and 100 mL of water were poured into the medium. The aqueous layer was extracted twice with 100 mL of CH 2 Cl 2 . Organic layers were combined, washed twice with 100 mL of water, dried over MgSO 4 and evaporated under reduced pressure at 40°C. The product (2) was finally dried under vacuum for one night and obtained as a white powder (Fig. S3).

Finally, 4.0 g of Dex-C≡C 25 . The crude product Dex-C≡C-coumarin was precipitated in 400 mL of cold ethanol containing 4 mL of PMDETA to help the copper removal. Next, crude product was suspended in 400 mL of ethanol by vigorous stirring at room temperature for one night, then dialyzed against EDTA aqueous solution (# 5 eq. per Cu) during 4 days and against milli-Q water for 3 days. Finally, Dex-C≡Ccoumarin was freeze-dried for 48 hours and the yield of substitution in coumarin was estimated by 1 H NMR in DMSO-d 6 according to equation 5:

(equation 5)

with A H14 the peak area of the triazole ring proton (7.95 ppm, Fig. S3) -azide PLA (PLA-N 3 ) PLA-N 3 was obtained according to a three-step strategy (Fig. 3). In the first step, 20.0 g of D,L-lactide (0.139 mol) were weighed into a 100 mL round-bottomed flask previously flame dried. Then, in a glovebox, 0.93 mL of BzOH solution in CH 2 Cl 2 (6.641 10 -4 M, 6.165 10 -4 mol) were added to the medium, followed by 7.0 mg of BiSS (1.933 10 -5 mol). The catalyst to initiator molar ratio was set to 0.03. The medium was evacuated to evaporate CH 2 Cl 2, filled by nitrogen, then placed into an oil bath at 150°C and the reaction was left for 4 hours. After addition of a catalytic amount of acidified ethanol to stop the polymerization, conversion was finally estimated to be 61% from 1 H NMR spectrum in CDCl 3 of crude product (Fig. S4) 44 . The reaction medium was dissolved in THF then precipitated in cold ethanol.

was evaluated to be 18,200 g mol - In the second step, terminal hydroxyl group was activated by reaction with TsCl. Briefly, 6.0g of PLA (3.296 10 -4 mol) were dissolved in 60 mL of CH 2 Cl 2 , then 3 eq. of TsCl per OH function (9.888 10 -4 mol), 0.1 eq. of NMe 3 ,HCl (3.296 10 -5 mol) and 6 eq.

of NEt 3 (1.978 10 -3 mol) were added into the medium, and the reaction was left under stirring and nitrogen at room temperature for a night. Tosylated PLA was purified as described above, then characterized by 1 H NMR in CDCl 3 (Fig. S4). Finally, tosylated PLA was substituted using 5 eq. of sodium azide per tosyl group in DMSO (10 mL/g of tosylated PLA), for one day at 25°C (third step). PLA-N 3 was obtained after precipitation from cold ethanol (Fig. S4).

Formulation and characterization of nanoparticles (NPs)

Non-clicked NPs were obtained via an emulsion/evaporation process, according to previously described procedure 13,37 . 0.5 M NaCl aqueous phase was used instead of Milli-Q water in the case of Dex-N + -C 6 surfactant. The mixture was preemulsified using vortex at 2,500 rpm for 1 minute and emulsified by sonication for 2 minutes using a Vibracell 600 W sonde (Bioblock Scientific, pulsed mode, P = 50 %, ice bath). After sonication, CH 2 Cl 2 was evaporated at 40°C for 2 hours under stirring. NPs suspension was centrifuged (30 min; 15,000 rpm) to remove the non-adsorbed surfactant, then redispersed in water using Branson 2510 ultrasounds bath. These washing steps were repeated twice, before particle size analysis.

Formulation of the clicked NPs was performed as described above for non-clicked NPs. However, an in situ interfacial CuAAC was carried out according to previous paper 37 . Briefly, before pouring the PLA-N 3 organic phase into the aqueous one, 0.5 mL of ascorbic acid (1.95 M aqueous solution; 10 eq. per CuSO 4 ) were added into the aqueous phase. The interfacial click reaction was initiated by adding 5 eq. of CuSO 4 in water (100 µL, 0.96 M aqueous solution) per alkyne function of Dex-C 6

7

-CC 10 just before sonication. To eliminate residual copper, resulting NPs suspension was stirred with EDTA (∼5 eq/Cu) at room temperature over one night, then centrifuged and washed as described above.

After formulation, NPs were freeze-dried and dissolved in DMSO-d 6 to quantify the dextran surface coverage (Γ Dex ) using 1 H NMR spectrum according to equation 6:

(Equation 6)

with A CHPLA the peak area of the methine proton of PLA centred at 5.15 ppm and A H1 the peak area of anomeric protons of dextran (4.6-4.7 ppm). M Dex and M PLA are the molar masses of dextran and PLA repeating unit, respectively (M Dex = 162 g/mol and M PLA = 72 g/mol). S p is the specific surface area (m 2 /g) determined by laser granulometry (see below). The PVA surface coverage (Γ PVA ) was quantified as above, but using equation 7:

(Equation 7)

with A CH3-PVA the peak area of the acetate protons of PVA (centred at 1.96 ppm), % CH3 the number of acetate groups per 100 units of PVA and M PVA the molar mass of PVA monomer unit taking into account the % CH3 .

Formulation and characterization of microcarriers (MCs)

All MCs (clicked and non-clicked) have been obtained via an emulsion/evaporation process using a 250 mL glass reactor immersed in an oil bath, and a mechanical stirrer with a 4 blades propeller (Fig. 4). 200 mg of PLA (commercial PLAs or PLA-N 3 ) were dissolved in 4 mL of CH 2 Cl 2 . Meanwhile, 200 mg of dextran derivative were dissolved in 40 Please do not adjust margins Please do not adjust margins M NaCl aqueous phase was used instead of water in the case of ammonium-functionalized derivatives (Dex-N + -C 6 , Dex-N + -C≡C). The aqueous phase was then poured into the reactor and left under stirring (≈ 170 rpm) at 40°C for at least 30 minutes. Next, the stirring speed was increased to the required value, while the organic phase was added dropwise using a syringe pump (130 mL/h). The mixture was left under stirring at 40°C for 4 hours to evaporate CH 2 Cl 2 before filtration. Recovered MCs were washed by 3*20 mL of milli-Q water, then dispersed again in water for particle size analysis before freeze-drying. In some experiments, an in situ interfacial CuAAC was carried out according to previous paper 37 . Briefly, before pouring the PLA-N 3 organic phase into the aqueous one, ascorbic acid (10 eq. per CuSO 4 ) was added into the aqueous phase. After final addition of the organic phase, the interfacial click reaction was initiated by adding 5 eq. of CuSO 4 per alkyne function of dextran derivatives. To eliminate residual copper, resulting MCs suspension was stirred with EDTA (see above).

Colloidal stability of NPs

The colloidal stability of NPs (MCs) dispersions was studied in the presence of SDS (or culture medium) by redispersion NPs (MCs) in 10 mL of SDS 1 wt% (or culture medium), then left under stirring for 24 h at room temperature (8 days, 37°C for culture medium). NPs were centrifuged, washed again and freeze-dried as described before, while MCs were filtrated, washed by 3*20 mL of milli-Q water, then freeze-dried.

1 H NMR analysis of NPs dissolved in DMSO-d 6 was performed before and after treatment by SDS (or by culture medium) to quantify the percentage of desorbed dextran using equation 8. In case of PVA surface coverage, A H1 was replaced by (A CH3-PVA /3) in equation 8.

(Equation 8) ) was dually monitored by multiangle laser light scattering (MALLS) and differential refractometry (Waters 410). Solutions (10 g/L) were prepared by dissolution of samples in eluent under vigorous stirring for 24 h. The solutions were filtrated using a HA Millex syringe filter (0.2 μm) right before injection. dn/dc of dextran in aqueous phase was equal to 0.146 mL/g. NPs and MCs size distributions were determined by using Laser light diffraction (Mastersizer 2000 Malvern Instruments) after dispersion in Milli-Q water. Each measurement was performed three times. The broadness of diameter distributions was estimated by calculating the Span according to equation 9, where D(0.1), D(0.5) and D(0.9) were the diameters at 10, 50 and 90% of the NPs volume distribution, respectively. Generally speaking, the broader the distribution was (monomodal or multimodal), the higher the Span was. In the case of monomodal and narrow size distributions, the Span values were lower than 2. To evaluate specific surface area (Sp), density of PLA was given to be 1.25 g/mL, whatever the PLA batch.

Characterization techniques

(Equation 9)

The scanning electron microscope (SEM) investigations were performed on JEOL Scanning Electron Microscope JSM-6490 LV, acceleration voltage of 0.3-30 kV, pressure of 1-270 Pa. Fluorescent MCs were observed using a confocal microscope (Fluoview FV-10i, Olympus). Excitation wavelength was selected at 352 nm and fluorescence signal was collected at 455 nm. Magnitude was 45. The images were processed with Image J image-processing software (http://imagej.nih.gov).

Results and discussion

Dextran-based surfactants

In the present paper, several new dextran-based amphiphilic polymers were produced to be used as interfacial stabilizers. Along their syntheses, SEC traces confirmed the non-degrading character of each modification step (not shown). As the reactivity order of the hydroxyl groups in dextran was found to be OH c) from 1.6 to 2.4 ppm, characteristic of methylene protons from the alkyl spacer. According to equation 1, the yield of substitution in alkyne groups was evaluated to 10% (10 pending alkynyl groups per 100 glucopyranosic units). Considering the equivalence of the activated 5-hexynoic acid, a quantitative reaction was achieved.

Two ammonium-functionalized dextran-based surfactants (Fig. 1) were produced to in fine formulate MCs with a positive shell, as found for Cytodex-1 for instance. Firstly, dextran was reacted with glycidyltrimethylammonium chloride in a basic medium to link ammonium groups via an ether function. As shown on 

Alkynated Fluorescent Dextran Dex-CC-Coumarin

4-methylumbelliferone (7-hydroxy-4-methylcoumarin) was modified by reaction with 1,2-dibromoethane to yield the bromo-functionalized derivative (1) (Fig. 2). The corresponding 1 H NMR spectrum (Fig. S3) shows peaks attributed to aromatic protons of 4-methylumbelliferone (A at 6.2 ppm, C centred at 7.7 ppm and (D+E) at around 7 ppm) and to the methyl protons (B) centred at 2.4 ppm. This spectrum also displays peaks corresponding to the methylene protons from the spacer (F at 4.45 ppm and G at 3.85 ppm). After the substitution of bromide with azido function, the 1 H NMR spectrum of (2) (Fig. S3) reveals a shift of both peaks of protons F (from 4.45 to 4.35 pm) and G (from 3.85 to 3.70 ppm). After linking (2) onto Dex-CC 25 by CuAAC click chemistry, the 1 H NMR spectrum of Dex-CC-Coumarin exhibits peaks characteristic from both the dextran and coumarin parts. Moreover, one can see the triazole proton peak centered at 8 ppm, which proves the efficiency of the CuAAC, while peak of protons G 1 overlaps with the glucosidic protons peaks (3-4 ppm). A small peak centred at 4.1 ppm characteristic of protons F 2 was observed. The yield of substitution in coumarin groups was estimated equal to 1.5% according to equation 5.

PLA-N 3

While alkyne end-chain functionalized PLA 13,45 have already been reported, investigation on azido end-chain functionalized PLA (PLA-N 3 ) are scarce. To the best of our knowledge, only two papers described PLA-N 3 synthesis, while a total azido-functionalization of the PLA end-chains was not observed. Isono et al. 46 reported on the use of 6-azido-1-hexanol as initiator to produce PLA-N 3 , while modification of the end-hydroxyl function of PLA chains with 4azidobenzoic acid was reported by Sugai et al.

47

. In the present paper, we synthesized PLA-N 3 via a three-step strategy (Fig. 3). Our objective was not to obtain a total azido-functionalization of the PLA chains. Indeed, this PLA-N 3 will be used to formulate NPs and MCs and the use of a mixture of PLA-N 3 and PLA-OH is sufficient to obtain the expected clicked objects, as already reported 13 .

In the first step, PLA was produced by controlled bulk Ring Opening Polymerization (ROP) of D,L-lactide using benzyl alcohol as initiator and bismuth subsalicylate (BiSS) as catalyst 44 . BiSS, which is an antiulcer and antigastritis drug commonly marketed in oral medications, was selected here as a less toxic metallic catalyst than tin(II) 2-ethylhexanoate (the most widely used catalyst to promote cyclic esters ROP) since the cytotoxicity of this latter is still on debate 48,49 . ROP was carried out at 150°C for 4 hours and 61 % conversion was calculated from 1 H NMR spectrum in CDCl 3 of crude product (Fig. S4). Theoretical M n = 19,800 g mol -1 was estimated in agreement with those obtained from 1 H NMR spectrum of purified product (M n NM 300 g mol -1

) and from SEC (M n SEC 00 g mol -1 , Đ=1.2).

In the second step, terminal OH was substituted by tosylate group. 1 H NMR spectrum in CDCl 3 of tosylated PLA (Fig. S4) shows peaks characteristic of tosylate, such as the aromatic protons at 7.15 and 7.75 ppm and the methyl protons at 2.35 ppm. Comparison of the peak areas of aromatic protons from initiator and tosylate groups indicates a conversion of 45%. Substitution of the tosylate group with azide function leads to the total disappearance of the previous peak from tosylate group, indicating that all tosylate groups are substituted by azide function.

As described above, this partial modified PLA-N 3 will be used in the following to produce clicked particles (NPs and MCs), even if the modification was not quantitative. It should be noted that during all these modifications, SEC analysis did not reveal any significant degradation of the PLA chains.

NPs formulation

The second part of this work deals with a quantitative study of the NPs polysaccharidic shell stability in presence of competitive surfactant as Sodium Dodecyl Sulfate (SDS, anionic surfactant), This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins Please do not adjust margins which is known able to desorb various types of polymeric layers. Shell stability will also be investigated in the culture medium in order to check this stability in such a medium. The NPs we used exhibit similar chemistry than the MCs described below. More precisely, several kinds of PLA-based NPs were formulated by an emulsion/organic solvent evaporation (E/E) process already described 13,15 , then their shell stability was studied. Firstly, various PLA batches were evaluated: commercial PLA-based and PLA-N 3based NPs. Secondly, we varied the chemical nature of the shell using either PVA or dextran derivatives (Table 1). Thirdly, in case of alkynated dextran derivatives (Dex-CC 27 ) and the azido end-function of PLA chains. This led to the synthesis of grafted copolymers at the liquid/liquid interface, as shown in Fig. S5A.

PLA core/PVA shell NPs were formulated using commercial PLA Aldrich as PVA stabilizer is often reported for the formulation of polyesterbased MCs. As seen in Table 1 (Entry 1), NPs exhibiting d(0.5) around 180 nm were easily obtained. After formulation, washing and freeze-drying, these NPs were then dissolved in DMSO-d 6 to evaluate the PVA surface coverage (Γ PVA ) according equation 7. Γ PVA was estimated to be around 3. . In some experiments, commercial PLAs were replaced by PLA-N 3 . While no significant change in d(0.5) was observed, one can notice an increase of Γ Dex (Table 1, Entry 6). To improve the increase of Γ Dex , an interfacial CuAAC click-chemistry was carried out with the E/E process. CuSO 4 /AAsc was selected in the present study as it was proved the most efficient catalyst system to reach higher click Please do not adjust margins Please do not adjust margins chemistry conversion (51%) 37 . With this interfacial CuACC, Γ Dex were increased up to 4.3 and 6.2 mg/m 2 when using Dex-CC 27 and Dex-C 6

7

-CC 10 as surfactant, respectively (Table 1, Entries 4 and 7).

Depending on the surfactant, and considering the same click chemistry conversion, the grafted copolymers produced from Dex-CC 27 at the liquid/liquid interface would be more hydrophobic, then soluble in the organic phase, than those produced from Dex-C 6

7

-CC 10 (Fig. S5A). This phenomenon could explain the small increase (around 60 nm) of d(0.5) observed between the two clicked-NPs.

As . With this ammonium-functionalized hydrophobized dextran surfactants, NPs with d(0.5) around 270 nm were obtained, exhibiting a Γ Dex equal to 4.5 mg/m 2 . NaCl aqueous phase (CH 2 Cl 2 -saturated) instead of CH 2 Cl 2 -saturated water within the E/E process was nevertheless here required to screen the surface charge of the surfactant and to formulate NPs.

NPs shell stability

The colloidal stability of NPs covered with dextran stabilizers in NaCl medium was often proved by some of us 13,14,37,38 . But, in the present study, SDS, an anionic drastic competitive surfactant, was used to evaluate the stability of NPs shell. Desorption of polymers by SDS has already been reported to evaluate the strength of polymers adsorption 51-54 . We recently proved that the physically absorbed dextran shell onto PLAcore of NPs 13,37 cannot ensure the shell stability against SDS. In the present study the same destabilization of dextran-based shell is also observed in case of non-clicked PLA-based NPs. Indeed, 85 to 100% of the neutral dextran-based shell were desorbed in the presence of SDS (Table 1, Entries 2,3,5,6). The desorption yield was estimated from 1 H NMR spectrum (Fig. S6) using equation 8. However, only 31% of shell was desorbed in case of positive charged shell (Dex-N +11 -C 6 14 ). This interesting result may be attributed to the possible strong ionic interactions between the positive ammonium groups of the stabilizer and the negative sulphate of SDS instead of the stabilizer desorption. To date, we have no more explanation.

From Table 1, we also proved that adsorbed PVA (Entry 1) was not sufficiently stable versus SDS treatment.

In case of clicked NPs (Table 1, Entries 4 and 7), characteristic peaks of the dextran-derivative were still present on 1 H NMR spectrum after SDS treatment (Fig. S6). We can notice a clear reduction of the desorption in the case of clicked NPs, due to the triazole ring linkages (Fig. S5A) ensuring the stability of the shell onto the core. Indeed, as shown in ) were desorbed by the SDS treatment. These results are in good agreement with other ones previously reported 37 . These low, but not total, desorption can be explained by the entanglement of dextran-based surfactant chains into the shell or by the physical adsorption of these chains onto the PLA core, which were eliminated by SDS treatment 37

. Covalently linked alkynated dextran-based stabilizer to the core, according to Fig. S5A, was not desorbed by SDS. These shell stabilities were also evaluated by treatment with the culture medium. As proteins present in the culture medium are moderate competitive amphiphiles than SDS, the treatment with culture medium was longer (8 days versus one day) than that with SDS, and carried out at 37°C. According to results shown in Table 1, one can easily see that physically adsorbed dextran-based surfactant was desorbed in the culture medium. This desorption was reduced after carrying the in situ CuAAC within the NPs formulation process and the explanation is the same than above. In case of Entry 7, the desorption was found higher with the culture medium than with SDS, certainly due to the longer time of treatment.

MCs formulation

According to the literature, most biodegradable polyester-based MCs are formulated using PVA as surfactant with the E/E process 29-31,33 . To the best of our knowledge, only two studies reported the formulation of polyester-based MCs covered with a chitosan shell. Lao et al. 55 reported the formulation of PLA-based MCs using PVA as stabilizer. Then, such MCs were immersed in a basic medium to obtain a carboxyl groups-functionalized MCs' surface, which interacted with chitosan to produce chitosan-covered PLA MCs. Privalova et al. 29 formulated PLA-based MCs exhibiting a chitosanderivative shell covalently linked to the core, thus controlling their surface characteristics.

As described above, the aim of the present investigation is focused on the substitution of PVA with dextran derivatives (Dex-C 6 ) to cover PLA-based MCs. By this way, fully in vivo biodegradable dextrancovered PLA-based MCs are expected to be formulated. Such fully biodegradable MCs could be injected into the body after MSCs culture, without requiring trypsinization step to detach and separate cells from the MCs. MCs used for cells culture must have a curve radius of surface low enough to promote cells adhesion. For this reason, most of the commercial MCs have an average size between 100 and 400 μm. 17,25,55,56 Therefore, the dextran-covered PLA-based MCs should have diameters in an equivalent range of size.

As shown in the previous paragraph dealing with NPs, we demonstrated that physically adsorbed PVA or dextran-based surfactant are fully desorbed in the presence of competitive surfactant (SDS or proteins of the culture medium). Biodegradable MCs covered with physically adsorbed PVA or dextran-based surfactant can show the same features, which could be quite an issue for biomedical applications. To enhance the NPs shell stability, This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins Please do not adjust margins we carried out an in situ interfacial CuAAC to chemical link the shell onto the core according several triazole rings formation (Fig. S5A).

Hence, we developed an E/E process to formulate biodegradable clicked or non-clicked MCs with a controlled size and surface chemistry. Finally, we also formulated MCs covered with a fluorescent dextran derivative to qualitatively study this shell stability.

Several preliminary attempts were done to formulate such MCs with mean diameter between 150 to 350 µm, using a 250 mL glass reactor and a mechanical stirrer with a 4 blades propeller (Fig. 4).

To reach this range of size, various parameters were adjusted, as the nature of the organic solvent, the concentrations of the organic and the aqueous phases, the rate of stirring, the volume ratio between these two phases and the distance (D) between the blades of the propeller and the bottom of the reactor. The best results were obtained at 40°C using 4 mL of PLA dissolved in CH 2 Cl 2 (50 g L -1

), 40 mL aqueous phase (5 g L -1 of dextran derivative in CH 2 Cl 2saturated water), D fixed to 1.2 cm. As shown in Table 2 (Entries 1-3), when using stirring rate equal to 310 rpm, the formulation of PLA core/Dex-C 6 14 shell MCs was easily achieved. The batch of PLA seemed to not significantly ) and a solution of surfactant (5 g L -1

) in CH influence the mean diameter as d(0.5) was comprised between 200 and 235 μm. All these MCs were characterized by monomodal and quite narrow size distributions (Span < 1). Spherical morphology was confirmed by SEM observations (Fig. 5). As similar results were observed for all PLA batches, following entries were carried out using batches equally. For each entry described above, about 150 mg of MCs were finally obtained after purification. Nevertheless, a higher mass of MCs is required for MSCs culture. Consequently, we tried to scale up the process within the same reactor and same propeller. For this purpose, the volume of each phase was increased: from 4 to 20 mL for the organic phase and from 40 to 200 mL for the aqueous phase. Moreover, the PLA concentration was fixed at 100 g L -1 instead of 50 g L -1

. All the other parameters remained identical to the ones used before except the stirring rate. Indeed, as shown in Table 2 (Entry 4), when using a quite similar stirring rate (350 vs 310 rpm), bigger MCs were obtained, while having quite narrow size distributions and spherical morphology (Fig. 5). Increasing this stirring rate to 450 rpm (550 rpm) allowed decreasing the organic ). Indeed, electrostatic, van der Waals and hydrophobic forces mediate the nonspecific cells adhesion on surface. 29,39,40,57 , which carries ammonium groups and alkyne functions proved to be very difficult to use. While several attempts were made, only one batch of MCs covered with this stabilizer could be formulated with d(0,5) = 193 µm (Entry 17).

As explained in the previous paragraph dealing with NPs, we demonstrated that physically adsorbed PVA or dextran-based surfactants are fully desorbed in the presence of competitive surfactant (SDS or proteins of the culture medium). Biodegradable MCs covered with physically adsorbed PVA or dextran-based surfactant can show the same features, which could be quite an issue for biomedical applications. Similarly to NPs, we developed an E/E process to formulate biodegradable clicked or non-clicked MCs with a controlled size and surface chemistry. Indeed, some of the dextran-based surfactants we used were grafted with alkyne functions, which allowed us to carry out an interfacial in situ CuAAC with the E/E process when using PLA-N 3 as made for NPs. Hence, with Dex-C≡C ), we believe that the alkyne-functionalized dextran covered MCs we produced are exhibiting unreacted alkyne functions. These functions may allow further MCs surface modification to enhance MSCs adhesion, if necessary.

Fluorescent MCs

We also formulated MCs covered by a fluorescent dextran derivative (Dex-C≡C ) to qualitatively study the shell stability of the MCs. As this surfactant is also carrying alkyne groups, we formulated non-clicked MCs (the stabilizer is physically adsorbed onto the core, Entry 18, Table 2) or clicked MCs (Entry 19). Such fluorescent MCs were characterized by a monomodal distribution with mean diameter in the required size range (around 145 and 185 μm, Table 2). More precisely, an increase of 40 µm and a larger population (Span=1.2) were observed when carrying out the in situ CuAAC between the PLA-N 3 and the Dex-C≡C 2) the physically adsorbed fluorescent shell was not stable towards SDS, as no more fluorescent shell was observed after the SDS treatment (Fig. 6), while still observing the presence of MCs. This observation agrees with the results described above when studying NPs. In case of clicked MCs (Entry 19, Table 2), a fluorescent shell was still observed at the surface (Fig. 6). This result confirms that Dex-C≡C 

Conclusions

Several dextran derivatives were synthesized and used as surfactants within an E/E process to formulate fully in vivo bioresorbable dextran-covered PLA-based MCs. Some of these surfactants were carrying alkyne groups, whereas others were bearing ammonium or fluorescent moieties. In some cases, the polysaccharide stabilizer was in fine physically adsorbed onto the PLA core of the MCs. In other cases, the polysaccharide shell was linked to the core via an in-situ CuAAC clickchemistry carried out during the E/E process. Whatever the stabilizer, spherical MCs with narrow size distribution and mean diameters from 115 to 335 μm were obtained.

The stability of such particles coverage in the presence of competitive surfactants was quantitatively studied with NPs with the same chemical composition than MCs. Results showed that physically adsorbed stabilizers at the NPs surface were completely desorbed by a competitive surfactant like SDS. A high desorption of the shell was also noticed after the NPs were treated with the MSC culture medium. These results indicated that proteins contained in the culture medium possess strong enough surface-active properties to desorb dextran derivatives chains from particles surface. However, this shell desorption could be quite reduced in the case of clicked NPs, thanks to the in situ CuAAC reaction carried out during the E/E process. Shell stability of MCs was also qualitatively studied using a fluorescent dextran-based surfactant. In agreement with the NPs results, shell stability was strongly increased when the fluorescent dextran derivative was chemically linked to the PLA core.

To the best of our knowledge, this is the first paper dealing with MCs surface stability which plays an essential role on MSCs adhesion and evolution. Therefore, such partial desorption of MCs shell could be quite an issue during MSCs expansion. However, clicked MCs, which possess a better shell stability, could allow a better control the MCs surface chemistry all over the cell growth process and thus, ensure better cell culture conditions.
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 12 Fig. 1. Structures and syntheses of various dextran derivatives.
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 1 NMR in D 2 O according to equation 4: (equation 4) with A b the peak area of two protons b (from 1.8 to 2.0 ppm, Fig S2). Alkynated fluorescent Dex-CC-Coumarin (Fig. 2)
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 3 Fig. 3. Synthesis of azido end-functionalized PLA (PLA-N 3 ).

DCM

  mL of water (CH 2 Cl 2 -saturated). 0.5 This journal is © The Royal Society of Chemistry 20xx

Fig. 4 :

 4 Fig. 4: Apparatus used for the preparation of MCs. D is defined as the distance between the propeller's blades and the bottom of the reactor.

1 H 1 )

 11 NMR spectra were recorded on a Bruker Avance 300 apparatus (300.13 MHz, 25°C) in DMSO-d 6 , D 2 O or CDCl 3 . Steric Exclusion Chromatography (SEC) in THF was performed at 40°C with a Multi Angle Laser Light Scattering detector (MALLS -Mini Dawn Treos, Wyatt), a differential refractometer detector (OPTILab rex, Wyatt), a pump (Waters 515, elution rate of 1 mL.min -, a degasser AF (waters in-line) and 3 PLgel columns (300 nm * 7.5 nm, 10 5 Å, 10 3 Å, 100 Å). Refractive index increment of PLA in THF (dn/dc) was equal to 0.054 mL/g. SEC in water (0.1 M NaNO 3 , 6.15 10 -3 M NaN 3 ) was performed at room temperature using a Waters HPLC pump (Waters 410) equipped with a DG-1310 degasser, a serial set of SB-806-HQ, SB-805-HQ, SB-804-HQ OHPack columns, and SB-OH Pack guard column (Shodex). Elution (0.7 mL min -1

1 H

 1 modified OH were drawn to be OH2 on figures. According to Fig. 1, several alkyne groups were introduced onto Dex-C 6 7 (7 hydrophobic Please do not adjust margins Please do not adjust margins C 6 chains per 100 glucopyranosic units) through a partial esterification with an activated 5-hexynoic acid 41 . NMR spectrum of purified Dex-C 6 -CC (Fig S1) shows a peak at 2.75 ppm, corresponding to alkyne proton (d), and 3 peaks (a, b and

1 H 1 H 1 H

 111 NMR spectrum of purified Dex-N + (Fig. S2), the methyl protons (D) peak can be observed at 3.3 ppm, while the peaks (a, b and c) from methylene and methyne protons overlap with those of glucosidic protons (3.4-4.2 ppm). The yield of substitution in ammonium groups (11%) was quantified according to equation 2. Such Dex-N +11 was then converted to Dex-N + -C 6 carrying several C 6 chains or to Dex-N + -CC by reaction with the activated 5-hexynoic acid. As shown on NMR spectrum of Dex-N + -C 6 (Fig. S2), peaks corresponding to grafted C 6 chains protons are present at 1 ppm (methyl protons (14)) and between 1.2 and 1.8 ppm (methylene protons (9-13)), while peaks characteristic from protons (7, 8) overlap with the glucosidic protons ones. The yield of substitution of C 6 chains was evaluated equal to 14% according to equation 3. As shown in NMR spectrum of Dex-N + -CC (Fig S2), alkynyl proton (d) peak is observed at 2.65 ppm when peaks characteristic of methylene protons (a, b and c) from the alkyl spacer, are observed between 1.6 and 2.5 ppm. According to equation 4, the yield of substitution by alkynyl groups was evaluated equal to 24%.

2 a

 2 ) Entries have been carried out using 20 mL of organic phase (100 g L -1 of PLA) and 200 mL of aqueous phase (5 g L -1 of surfactant).Please do not adjust marginsPlease do not adjust margins b) 0.5 M NaCl CH 2 Cl 2 -saturated were used instead of water CH 2 Cl 2 -saturated. c) Interfacial CuAAC click-chemistry was carried out using CuSO 4 /Ascorbic acid.

Fig. 5 :

 5 Fig. 5: Scanning electronic microscopy pictures of several MCS (see Table2). Magnification and scale bar are done on the pictures.

  Fig. 5: Scanning electronic microscopy pictures of several MCS (see Table2). Magnification and scale bar are done on the pictures.

5 .

 5 Fig.6 presents MEB images of clicked and unclicked MCs. As shown in Fig.6 and Fig S7, unclicked MCs exhibit spherical shape and smooth surface.In contrast, the clicked MCs exhibit non-rigorous surface, but their shape remain spherical. Such surface may be attributed to destabilization of the MCs surface during the in situ CuAAC reaction that occurred at the liquid/liquid interface, which lead to the deformation of the interface as schematically drawn in Fig.S5B.Carrying several coumarin groups, the Dex-C≡C 25 -Coumarin1.5 and consequently the shell of these two MC batches were fluorescent, which was useful to indirectly evaluate the shell stability of these MCs. Before the SDS treatment, these two MC batches have been observed by confocal microscopy (Fig.6). In both cases, a fluorescent shell of Dex-C≡C 25 -Coumarin 1.5 was observed around a "black" non-fluorescent PLA core. These results show that the fluorescent dextran-derivatives (Dex-C≡C 25 -Coumarin 1.5 or the fluorescent grafted copolymer produced by CuAAC) are only present on the surface of the MCs, and not into the core, thus ensuring their colloidal stability. Then, both MCs were left in contact with SDS to study their shell stability. In case of non-clicked MCs (Entry 18, Table

25 -

 25 Coumarin1.5 was covalently linked to the PLA-N 3 core via This journal is © The Royal Society of Chemistry 20xxPlease do not adjust margins Please do not adjust margins the in situ CuAAC reaction during the E/E process and that increases the shell stability.

Fig. 6 :

 6 Fig. 6: A) Scanning electronic microscopy pictures of fluorescent MCS (Entries 18 and 19, Table2). Magnification and scale bar are done on the pictures. B) Confocal laser scanning microscopy of the same MCs, before and after the SDS treatment.

Table 1 :

 1 Characteristics of NPs and shell stability towards SDS or culture medium.

	and Dex-C 6 7 -CC	10 ), the

Table 1 ,

 1 Entry 2) when same experimental conditions were carried out.

		4.0 and 4.4 mg/m	2 were observed when using Dex-C 6 14 as
		surfactant	50 . Such characteristics do not depend on the commercial
		PLA batches we used, (More novelty is the use of some dextran-based surfactants
		described earlier to stabilize the PLA/water interface. Dex-CC	27
		and Dex-C 6 7 -CC	10 led to NPs with d(0.5) from 120 to 150 nm and
		Γ Dex equal to 2.1 and 2.2 mg/m	2 , respectively (Table 1, Entries 3 and
		5). Such Γ Dex values were lower than those obtained for PLA
		core/Dex-C 6 shell, in agreement with the lower hydrophobic
		character of the alkynyl groups in comparison with the C 6
		chains 13,38
	3 mg/m	2 , which indicates that PVA
	was adsorbed on the NPs core, thus ensuring the NPs colloidal
	stability. PLA	

Aldrich core /Dex-C 6 shell NPs have many times been reported by some of us. For instance, NPs with mean diameter of 160 nm and dextran surface coverage (Γ Dex , equation 6) between

Table 1

 1 

	, only 21 (48)

Table 2 :

 2 Characteristics of MCs (formulated using a solution of PLA in CH 2 Cl 2 (50 g L

	-1

  Due to various surfactant properties of the dextran derivatives we used, the stirring rate was varied to reach MCs size in the required range. Consequently, using Dex-CC other in water and are not able to conveniently stabilize the droplets during the process. The addition of NaCl in the aqueous phase was necessary to screen the electrostatic interactions between stabilizer chains. After several attempts, we chose to use 0.5 M NaCl CH 2 Cl 2 -saturated aqueous phase instead of CH 2 Cl 2 -saturated milliQ water and fixed the stirring rate at 410 rpm. Without optimization of these last two conditions, MCs with d(0,5) around 115 µm (Entry 15) were obtained. Unexpectedly, the surface of these MCs is not smooth as shown on Fig5, but currently we have no explanation for this surface topography change.

				27 , stirring rate
	was increased to 400 rpm as shown in Table 2. Whatever the PLA
	batch, d(0,5) from 155 to 185 µm was observed (Entries 7-9). With
	the scaled-up protocol, increasing the stirring rate to 550 rpm led us
	to observe the formulation of large quantity of MCs with d(0,5)
	equal to 160 µm (Entry 11). Using Dex-C 6	7 -C≡C	10 as surfactant
	allowed us to formulate MCs with d(0,5) around 170 µm (Entries
	12-13) when using stirring rate of 370 rpm.	
	Ammonium-functionalized dextran derivatives (Dex-N +11 -C 6	14 ,
	Dex-N +11 -C≡C	24 ) were slightly more difficult to use in the E/E
	process. At first, Dex-N +11 -C 6 14 was dissolved in Milli-Q CH 2 Cl 2 -
	saturated water. The resulting MCs were characterized by a
	multimodal population with too large diameters for our application
	(results not shown). Due to their positive charges, Dex-N +11 -C 6 14
	chains repulse each Decreasing the stirring rate will certainly produce bigger MCs.
	Consequently, we chose to produce a larger batch of ammonium-
	functionalized MCs (Entry 16) by using stirring rate of 500 µm. With
	these conditions, d(0.5) equal to 123 µm was measured. Dex-N +11 -
	C≡C 24		

  CuAAC reaction led us to formulate 240 µm average diameter MCs (Entry 14) instead of 170 μm for MCs formulated with the same surfactant but without CuAAC (Entries 12 and 13). Currently, we have no explanation for this diameter increase. Nevertheless, all the clicked MCs are characterized by a monomodal and narrow sized distribution, with sizes comprised in the required diameter range. Moreover, and according to our previous results on the efficiency of the in situ CuAAC during NPs formulation (efficiency around 50% 37

		27 , we obtained clicked MCs exhibiting a d(0,5) around
	240 µm (Entry 10) that is 80 µm bigger that the MCs obtained in the
	same conditions but without interfacial CuAAC (Entry 9). With Dex-
	C 6 7 -C≡C	10 as surfactant, carrying in situ
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