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 6 

 
Aims: The objective of this study was to prepare and characterize poly (ethylene glycol) 
methyl ether (mPEG)-conjugated chitosan (CS), mPEG-CS, at different molar ratios for 5-
Fluorouracil (5-FU) delivery (5-FU-loaded mPEG-CS). 
Study design:  The chemical cross-linking of those polymers were synthesized by using 4-
Nitrophenyl chloroformate as coupling reagent.  
Place and Duration of Study: : Department of Biomaterials & Bioengineering, Institute of 
Applied Materials Science, Vietnam Academy of Science and Technology, between 
February and June 2015.  
Methodology: The chemical structure of mPEG-CS was characterized by Fourier 
transform infrared (FTIR) and proton nuclear magnetic resonance (

1
H NMR).  

Results: The particle sizes of 5-FU-loaded nanogels were nearly spherical in shape with 
diameter range of 20-50 nm, determined by transmission electron microscopy (TEM). 
Especially, whereas the encapsulation efficiency and loading capacity of mPEG-CS 
nanogels were independent of the molar ratio of mPEG, there was one factor that 
particularly stand out, 5-FU release behavior.  
Conclusion: These results demonstrated that mPEG-CS nanogels present potential for 
controlled release of 5-FU working as a delivery system in cancer therapy. 

 7 
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1. INTRODUCTION  12 

 13 
Drug delivery system (DDS) has been an impressive subject of studying and 14 
developing as an original method that enable the release of a therapeutic substance in 15 
the body and improve its efficacy and safety for reducing side-effects in patients. The 16 
main purpose of DDS is to particularly localize and target the drug within desired 17 
therapeutic range to expected tissue and cells while maintaining the systemic level of 18 
drugs [1-4]. In order to reach those intentions, nanomaterials (NMs), an excellent 19 
candidate for desirable drug therapy, possess numerous advantages such as 20 
protecting sensitive drug molecules from reticuloendothelial system (RES) in vivo, 21 
increasing surface area between loaded drug and tumor tissue, improving the solubility 22 
and bioavailability of poorly soluble drugs, and possibility to tailor-making the drug 23 
release [5, 6]. Self-assembled nanogels, one of the most effective NMs for ameliorating 24 
possibly drug inactivation, has the advantages of straightforward synthesis without the 25 
presence of drugs and high biocompatibility [6, 7].  26 

In comparison with artificial polymer, chitosan (CS) obtained by deacetylation of chitin, 27 
which are suitable for the formation of nanogels due to its unlimited in biocompatibility, 28 
biodegradability, better stability, and low toxicity [8-13]. However, CS is only soluble in 29 
an aqueous acidic solution (pH< 6.5) because of a lot of amino groups on its chain, 30 
resulting in limitation of its pharmaceutical and biomedical applications [14]. As a result, 31 
a significant number of different modified CS such as N, N, N-trimethyl CS, N-acyl CS, 32 
N-carboxyalkyl CS, O-carboxyalkyl and N-carboxyacyl CS have been employed. 33 
However, these modifications might involve toxicity issues. To overcome these 34 
drawbacks, poly (ethylene glycol) methyl ether (mPEG), an excellent hydrophilic 35 
polymer, has been carried out to improve poor aqueous solubility of CS based on its 36 
favorable biodegradability, biocompatibility, low toxicity, low immunogenicity, and 37 
hydrophilic flexibility [15, 16]. In order words, grafting mPEG onto CS chain cannot only 38 

UNDER PEER REVIEW



2 
 

optimize the biocompatibility of CS but also avoid the adsorption of protein and evade 39 
from RES [3, 13, 17-19]. 40 

In this study, mPEG and CS (mPEG-CS) were conjugated at different molar ratios as 41 
controlled-release systems for 5-fluorouracil (5-FU), 5-FU-loaded mPEG-CS, in which 42 
CS was used as cross-linker and mPEG was designed as hydrophilic co-monomer. The 43 
obtained nanogels were then characterized by proton nuclear magnetic resonance (

1
H 44 

NMR), Fourier transform infrared (FTIR) and transmission electron microscopy (TEM). 45 
Moreover, the drug loading and release behavior of 5-FU-loaded mPEG-CS nanogels 46 
were also evaluated. This study is expected to create significant opportunity for drug 47 
delivery in cancer therapy.  48 

2. MATERIAL AND METHODS  49 
 50 

2.1 Material 51 

 52 
CS (Mw: 100-300 kDa), 5-FU, 4-Nitrophenyl chloroformate (PNC, Mw: 201.56 Da), and 53 
poly (ethylene glycol) methyl ether (mPEG, Mw: 5 kDa) were purchased from Sigma-54 
Aldrich (St. Louis, MO, USA). All reagents and solvents were used without further 55 
purification.  56 

 57 

2.2 Methods 58 
 59 
2.1.1 Synthesis of mPEG-CS 60 
 61 
The mPEG-CS conjugate was synthesized by using PNC as intermediate under 62 
controlled conditions of temperature and vacuum environment (Scheme 1). First, 0.25 g 63 
of mPEG was melted down at 65 

o
C under vacuum and 16 mg of PNC was later added 64 

into the mPEG solution under constant stirring for 6 h, mPEG-PNC. Next, the mixture 65 
was left to cool at 40 

o
C, followed by addition of THF solution (5 mL) to remove an 66 

excess amount of mPEG. The obtained mPEG-PNC was added drop-wise into the CS 67 
solution (pH 5), and then the mixture was stirred for 24 h and dialyzed by dialysis 68 
membrane (MWCO 12-14 kDa, Spectrum Laboratories, Inc., USA) against deionized 69 
water (deH2O) for 4 days at room temperature. The deH2O was changed 5-6 times a 70 
day and the resulting solution was lyophilized to obtain mPEG-CS. The mPEG-CS 71 
conjugate was further prepared at different molar ratios (1:1, 5:1, and 10:1 of mPEG 72 
and CS) as described above, respectively.  73 

 74 
 75 

 76 
 77 

Scheme 1. Synthetic route for mPEG-CS 78 
 79 

2.1.2 Drug loading content (DLC) and drug loading efficiency (DLE) 80 
 81 
5-FU have been loaded into the mPEG-CS nanogels by equilibrium swelling technique. 82 
Initially, 10 mg of 5-FU and 100 mg of mPEG-CS conjugate were dissolved 83 
independently in deH2O and then mixed together. The mixture was sonicated for 60 84 
min and magnetic stirred for 24 h. The solution was later dialyzed by dialysis 85 
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membrane (MWCO 3.5 kDa, Spectrum Laboratories, Inc., USA) against deH2O to 86 
remove unloaded 5-FU. The 5-FU-loaded mPEG-CS nanogels was obtained under 87 
solid phase by lyophilization.  88 
Three different 5-FU-loaded mPEG-CS samples were dissolved independently with a 89 
solution of 1 mL of CH3COOH (0.25 M) and 1 mL of acetonitrile, followed by sonication 90 
for 30 min and filtration. These experiments were taken in triplicate for high 91 
performance liquid chromatography (HPLC) analysis. The %DLC and %DLE were 92 
calculated using following equations. 93 
DLE (%) = (weight of drug in particles/ weight of drug feed initially) × 100                                      94 
DLC (%) = (weight of drug in particles/ weight of particles and drug) × 100  95 
 96 
2.1.3 In vitro release 97 
 98 
The release of 5-FU-loaded mPEG-CS nanogels was dialyzed (MWCO 3.5 kDa) into a 99 
vial containing phosphate buffer saline (PBS) and 2 % (v/v) Tween 80 (12.5 mL, pH 100 
7.4). The release medium (0.5 mL) was withdrawn at predetermined time intervals (2, 101 
4, 6, 8, 10, and 12 h), filtered (pore size = 0.20 µm) and replaced with an equivalent 102 
volume of fresh medium. These experiments were repeated three times for the HPLC 103 
analysis. 104 
 105 
 106 

3. RESULTS AND DISCUSSION 107 
 108 

3.1 Characterization of mPEG-CS conjugate and 5-FU-loaded mPEG-CS 109 

nanogels  110 

 111 
The mPEG-CS was characterized by 

1
H NMR analysis (Fig. 1). The solvent peak of 112 

D2O was found in 4.74 ppm. Typical peak at 3.4-3.94 ppm (H-b, H-c, H-d, H-e, H-2, and 113 
H-3) were assigned to methylene protons of CS saccharide units and repeat units in 114 
mPEG. Peaks at 2.95 ppm (H-c) and 3.37 ppm (H-1) were attributed to –CH-NH- from 115 
CS and –OCH3 from mPEG, respectively. The peaks at 1.95-1.98 ppm (H-f) appeared, 116 
which were assigned to –NH-CO-CH3. The presence of all these resonance signals 117 
imply that mPEG-CS conjugate was successfully prepared.  118 

 119 

Fig. 1. 
1
H NMR spectrum of mPEG-CS 120 

The FTIR spectra of CS (i), mPEG (ii), and mPEG-CS are presented in Fig. 2. The 121 
spectrum of CS reveals distinctive absorption bands at 1656 cm

-1
 (amide I), 1594 cm

-1
 122 

(-NH2 bending), and 1400 cm
-1

 (amide III) (Fig. 2i). The absorption bands at 1150 cm
-1

 123 
(asymmetric stretching of the COOOC bridge), 1092 cm

-1
, and 1042 cm

-1
 (skeletal 124 

vibration involving the COO stretching) were assigned to its saccharine structure. In 125 
addition, the increased intensity of the peaks at around 2910 cm

-1
 and 2830 cm

-1
, and 126 

1094 cm
–1

 show the CH2 groups, and C-O-C stretch of mPEG, respectively (Fig. 2ii). As 127 
shown in Fig. 2iii, the CS amide peaks slightly shifted to 1631 cm

-1
 and 1529 cm

-1
, 128 

respectively. The shifts were possibly due to hydrogen bonding between amide 129 
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carbonyl with mPEG hydroxyl. Besides, the increased intensity of the peaks at around 130 
2924 cm

-1
 and 1100 cm

-1
 indicated the CH2 groups and C-O-C stretch of mPEG. These 131 

results also indicate that the amino groups of CS were substituted by mPEG groups.  132 

 133 
Fig. 2. FTIR spectra of (i) CS, (ii) mPEG and (iii) mPEG-CS 134 

 135 
As shown in Fig.3, the 5-FU-loaded mPEG-CS nanogels were nearly spherical in 136 
shape and their particle size was in the range of 20-50 nm. According to previous 137 
reports, nanoparticles are ranging from 10-200 nm in size that have enormous potential 138 
advantages, including higher drug efficiency, enhanced therapeutic efficacy and 139 
cytotoxicity as well as facilitating penetration of drugs through various biological 140 
barriers such as the mucosal membrane and tumor vasculature. Furthermore, the use 141 
of drug-encapsulated nanoparticles has been shown to overcome drug-resistant cancer 142 
cells by facilitating entry into cells through surface binding and endosomal uptake 143 
routes, as opposed to the normal route of administration of the drug alone [20]. 144 
Therefore, the obtained nanogels can serve as potential drug nanocarriers to deliver 5-145 
FU.  146 

 147 
 148 
Fig. 3. (a) TEM image and (b) particle size distribution of 5-FU-loaded mPEG-CS 149 
nanogels 150 
 151 

3.2 Drug loading and release behavior  152 

 153 
The drug loading efficiencies of 5-FU-loaded mPEG-CS were 11.5% at mPEG-CS 154 
(1:1), 10.0% at mPEG-CS (5:1), and 10.39% at mPEG-CS (10:1). There were no 155 
significant differences in 5-FU loading among the three ratio groups. These results 156 
show that the 5-FU loading was independent of different molar ratios of mPEG-CS.  157 
The in vitro release behavior of 5-FU from self-assembled nanogels was carried out in 158 
PBS (pH 7.4) at 37 

o
C (Fig. 4). The release of 5-FU from mPEG-CS (1:1) was 23% at 2 159 

h, and then increased to 39% at 4 h. The release behavior of 5-FU could be explained 160 
by the release of a hydrophilic drug loosely bound on the surface of mPEG-CS 161 
nanogels. Thereafter, the drug was a relatively slow release up to 12 h of 41%, only 2% 162 
5-FU was released during that period of time. The percentages of 5-FU released from 163 
mPEG-CS (5:1) were 17% at 2 h and 33% at 4 h. After 12 h, 37% 5-FU was slowly 164 
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delivered. Compared with mPEG-CS (10:1), the drug was rapidly freed up 94% at 12 h. 165 
In aqueous medium, the pores at the surface of the mPEG-CS nanogels are diffused 166 
through by the water uptake; accordingly, loosely bound drug would be delivered. 167 
Based on these results, mPEG-CS (1:1) and mPEG-CS (5:1) might be suitable for 168 
sustained and controlled DDS, rather than mPEG-CS (10:1), the highest performance 169 
mPEG. 170 

 171 
 172 
Fig. 4. Drug release of mPEG-CS at molar ratio of 1:1 (square); 5:1 (triangular); 173 
10:1 (circle), respectively 174 

 175 

4. CONCLUSION 176 
 177 
We successfully developed mPEG-CS conjugate and 5-FU-loaded mPEG-CS nanogels 178 
as controlled delivery systems. The obtained nanogels were spherical in shape with 179 
diameter range of 20-50 nm, demonstrating promising applications for targeted cancer 180 
therapy. Although the geometrical characterization of the nanogels show promise for 181 
drug loading, the encapsulation efficiency of 5-FU was relatively low. Interestingly, the 182 
drug release profile of 5-FU showed that the highest percentage of mPEG over the 183 
modified CS nanogels is, the fastest is the drug release behavior. Consequently, 184 
mPEG-CS nanogels present a potential for developing suitable nanomedicine carriers 185 
in cancer treatment.  186 
 187 

 188 
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