Supplementary Materials

Investigation of the role of glucose decorated chitosan and PLGA nanoparticles as blocking agents to glucose transporters of tumor cells
This file contains nine figures.

1. Preparation of chitosan nanoparticles

LMW CNPs were prepared by the modified method of Calvo et al. 1[]
 via the ionic gelation of chitosan with TPP anions. The optimal procedure was as follows: 1.0 mg/mL chitosan solution was prepared by dissolving LMW chitosan in 1% (w/v) aqueous acetic acid, followed by stirring overnight at 25 °C using a magnetic stirrer at 400 rpm. The pH of the resulting solution was about 3.6, which was raised to 4.7-4.8 by addition of 20% (w/v) aqueous sodium hydroxide solution. Insoluble residues were then removed from the chitosan solution by passing it through a syringe filter (pore size 0.45 m, Millipore, USA). 1 mg/mL solution of TPP was formed by dissolving it in ultrapure water, followed by passing it through a syringe filter (pore size 0.22 m, Millipore, USA). One mL of TPP aqueous solution was added drop-wise into three mL of chitosan solution under magnetic stirring (400 rpm) using a syringe needle at room temperature. Stirring was then continued for about 30 min. A UNIVERSAL320/320R centrifuge (HETTICH, Germany) was used to centrifuge the nanoparticle suspensions so formed at 12000 rpm for 30 min. The particles were formed by the interaction of negatively charged TPP groups and positive chitosan amino groups (ionic gelation). Afterward, the supernatant liquids were discarded, and nanoparticles were suspended again in pure water for lyophilization and in vitro characterization. 
2. Preparation of glucose-nanoparticles complexes

Chen et al. have previously reported the preparation of GCNPs 2[]
. The amino monosaccharide derivative, N-succinyl glucosamine, was first synthesized. 1 g of glucosamine was suspended in 20 mL of sodium methoxide-methanol solution. 0.5 g of succinic anhydride triethylamine (1.5 mL) was then added, and the mixture was stirred at 30°C for 12 h under argon atmosphere. The obtained solution was precipitated in 8 mL of acetic acid, dried in vacuo and washed with ethanol. The product was dried in vacuo again. Subsequently, GCNPs were synthesized by the coupling reaction of the N-succinyl glucosamine carboxyl group and CNP amino group, using EDC as the catalyst. EDC is a carbodimide usually applied to form amide linkages between a carboxylate and an amine. EDC can react with the N-succinyl glucosamine carboxylic group to form a highly reactive intermediate, which can couple with amine containing molecules such as NHS to form a stable amide bond (Hermanson, 2008). 1 g of CNPs was suspended in 50 mL of methanol/H2O solution (1:1.5, v/v), followed by adding 0.6 g of N-succinyl glucosamine, 0.49 g of EDC  and 0.03 g of DMAP to the solution. The product obtained after 48 h reaction was centrifuged at 12000 rpm for 30 min, washed three times with ethanol and dried in vacuo at ambient temperature.
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 Figure 1s. The procedure of CNPs conjugation with glucose.

PNPs were conjugated with glucose via a carbodiimide coupling reaction. 10 mg of PNPs were added to 5 mL of MES buffer solution (pH= 5, 50 mM).  The carboxylic functional groups were then activated by treating with 46.6 mg of EDC and 25.8 mg of NHS for 5 h. The activated nanoparticles were separated by washing three times with ethanol and centrifugation (21,000 g for 30 minutes) at 10°C to remove the remaining EDC and NHS. The activated PNPs were then added drop-wise to 2 mg/mL glucosamine solution in 40 mL of phosphate buffered saline (0.2 mol/L PBS, pH = 7.4) under constant stirring. Afterwards, the conjugated nanoparticles were isolated by centrifugation (15,000 g for 30 minutes) at 10°C. The obtained conjugated nanoparticles were then subjected to the lyophilization process for long term storage.
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Figure 2s. Formation mechanism of GPNPs through a carbodiimide meditated coupling reaction
3. The utilized methods for characterization of the glucose-nanoparticle complexes

Dynamic light scattering (DLS) (Malvern Zetasizer, ZS, Malvern, UK) was used to characterize both the bare CNPs and PNPs as well as those conjugated with glucose in terms of size, poly dispersity index (PDI) and zeta potential.

Scanning electron microscopy (SEM) was carried out using a JEOL JSM-840 SEM (HITACHI, Japan) equipped with a backscattered electron detector at 15-30 kV to evaluate the morphology of the nanoparticles coated with gold in vacuo.
1H nuclear magnetic resonance (1H NMR) spectra, recorded on a Bruker 500 MHz 1H NMR spectrometer (Bruker, Germany) at 25°C were used to analyze the chemical structures of CNPs and those conjugated with glucose. The molecular structure of CNPs, PNPs, and GPNPs were characterized by Fourier transform infrared (FTIR) spectroscopy using a BRUKER IR spectrophotometer Model TENSOR 27 (Germany) and KBr disks. 
An Elementar Analyser system GmbH VarioEL elemental analyzer (Germany) was used to conduct the elemental analysis of chitosan and GCNPs to estimate C, H, and N percentages in the complexes. The obtained data were used to calculate the degree of N-succinyl glucosamine substitution (DS). A Bruker 500 MHz 1H NMR system (Bruker, Germany) was used to determine the number of free carboxylic moieties in activated PNPs and further calculate the activation ratio. The substitution degree was characterized using the resulting NMR spectrum.
4. Characterization results of glucose- polymeric nanoparticles complexes
The mean hydrodynamic diameter of CNPs synthesized under the optimal conditions was 298 nm with the polydispersity index (PDI) and zeta potential of 0.026 and +35 mV, respectively. The chemical structure of nanoparticles was characterized using the FTIR spectra of chitosan and CNPs. As observed in Figure 3s, the peak at 1207 cm-1 corresponds to P-O bond in CNPs structure, showing that the ammonium groups have been crosslinked with tripolyphosphate molecules.
GCNPs synthesized by ionic gelation method were distinct and their mean size distribution, found by SEM analysis, was 303 nm (Figure 4sa). It must be pointed out that the hydrodynamic diameter of the particles obtained by light scattering is higher than the size estimated from microscopy because of the high swelling capacity of CNPs. Given the broad particle size distribution of the synthesized CNPs and the requirement for narrow size distribution particles for drug delivery purposes, PNPs with an average diameter of 100 nm were purchased from Sigma Aldrich Chemical Co. Glucose was conjugated to carboxylic functional groups on PLGA structure by a carbodiimide mediated coupling reaction. SEM was used to evaluate the particle morphology of GPNPs (Figure 4sb).
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Figure 3s.  FTIR spectra of chitosan and CNPs.
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Figure 4s. SEM of GCNPs (a) and GPNPs (b).

GCNPs were prepared using succinic acid as a linker between glucosamine and CNPs. The synthetic GCNPs possessed novel and improved properties while maintaining the original properties of CNPs and incorporating the targeting ligands of glucose. The DS of GCNPs was (31.88±0.02) % based on the elemental analysis of CNPs and GCNPs. 
 1H NMR spectroscopy was used to confirm the structures of CNPs and the synthetic GCNPs (Figure 5s). The peak at 4.7 ppm corresponds to H-1 of monosaccharide residue. H-3, H-4, H-5 and H-6 protons of monosaccharide residue appear in the 3.4–3.8 pm range. The peaks at 3.32, 2.99 and 1.91 are associated with H-2 of N-acylated glucosamine ring, H-2 of glucosamine ring and methyl protons of the acetyl group, respectively (Figure 5s-a). In comparison with CNPs, new signals at 2.35 and 2.39 ppm, which are ascribed to the methylene protons of –NH(CO)–CH2–CH2–NH(CO)–) verify that the N-succinyl glucosamine has been successfully conjugated on the backbone of CNPs (figure 5s-b).
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Figure 5s: 1H NMR spectra of CNPs(a) and GCNPs(b)

Figure 6s. FTIR spectra of PNPs and GPNPs.

Figure 6s shows the FTIR spectra of PNPs and GPNPs. The absorption peak corresponding to free PLGA ester and acid bonds is observed in 1745 cm-1. The peaks at 1752 and 1588 cm-1 in the FTIR spectrum of GPNPs indicate the presence of both PLGA and glucose structures in the complex nanoparticles.

1H NMR spectroscopy was used to study the structure of activated PNPs in order to predict the ratio of covalently conjugated carboxylic functional groups on PNPs (Figure 7s). Therefore, the integration of NHS peak at 2.0 ppm was compared with that of PLGA peaks at 5.4, 4.9 and 1.5 ppm in activated PLGA NMR spectra. It was observed that nearly 33.5% (DS) of PLGA carboxylic acid moieties were involved in PLGA activation reaction while about 66.5% of carboxylic functional groups remained free, suggesting a 33.5% conjugation ratio between PLGA and glucose.

The size and zeta potential of these particles were measured and compared with the corresponding values of the unconjugated nanoparticles to further study the glucose conjugated nanoparticles. The mean particle size of nanoparticles conjugated with glucose was observed to be slightly higher than that of unconjugated nanoparticles (303 nm vs. 298 nm in chitosan and 106 nm vs. 100 nm in PLGA). Zeta potential, which is another important property of the nanoparticles and can affect particle stability and cell adhesion, was also measured in GCNPs 
 ADDIN EN.CITE 

[3, 4]
. GCNPs clearly showed a positive zeta potential while PNPs conjugated with glucose showed a negative zeta potential smaller than those of unconjugated nanoparticles. The higher positive zeta potential of GCNPs (+23 mV vs. +35 mV) is probably due to the involvement of amino groups on CNPs in amide bond formation with carboxyl group of N-succinyl glucosamine structure and the smaller negative zeta potential of GPNPs (−13.2 mV vs. -7.8 mV) may arise from the involvement of carboxylic functional groups on PNPs in amide bond formation with amino moieties on glucosamine structure 5[]
.
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Figure 7s: 1H NMR spectrum of the activated PNPs.
1H NMR spectroscopy was utilized to ensure the successful formation of FITC-PNPs and the results have been shown in figure 8s (a and b).  The observed peaks can be identified as the follow: δ (ppm): 1.58 (CH3 of lactide), 3.58 (methyl proton of FITC), 3.75 (CH3OC=O end group), 4.78 (CH2 of glycolide), 5.31 (CH of lactide), 6.0-9.0 (aromatic protons of modified fluoresceine). As can be seen, peak f (figure 8s-b) indicates the methyl proton signal of FITC at 3.58 ppm as and the g to n peaks at the range of 6 ppm to 9 ppm represent the signals of aromatic protons of modified fluoresceine. These results confirmed that the FITC molecules have been coupled with PNPs. 
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Figure 8s. 1H NMR spectra (CDCl3) of a) PNPs and b) PNPs after coupling by FITC.
5- Glucose nanoparticles stability results 
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Figure 9s. Stability study: comparison of in vitro glucose release profile for GCNPs and GPNPs complexes in various temperatures (4˚C, room temperature (RT=25˚C) and 40 ˚C/70% RH) and pH (5.4, 6.4 and 7.4) after 24 days storage.
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