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a b s t r a c t

The aim of this work was to prepare chitosan (CH) based particulate formulations for colon delivery of
vancomycin (VM). Chitosan microparticles (MPs) and nanoparticles (NPs) loaded with VM were prepared
using different CH/tripolyphosphate (TPP) molar ratios and different technological processes. In particu-
lar, nanoparticles were prepared by ionic gelation and freeze-drying to recover these particles, or,
alternatively, by spray-drying method. Microparticles were prepared using a different spray-dryer.
Micro- and nanoparticles were characterized in terms of size distributions by photon correlation spec-
troscopy (PCS), while encapsulation and drug loading efficiencies were studied using a dialysis method.
Fourier Transform Infrared Spectroscopy (FT-IR) was employed to determine the surface composition of
the micro- and nanoparticles respectively, and the morphologies of the developed systems were studied
by scanning electron microscopy (SEM). Water uptake as well as drug release profiles were also mea-
sured. Antibacterial activity against Staphylococcus aureus, a Gram-positive model strain, was evaluated.
FT-IR results suggested an electrostatic interaction between VM and CH/TPP particles. Moreover, the
particles were found to hold a positive zeta-potential, indicating the presence of CH on the particle sur-
faces. Particle size and encapsulation efficiency were mainly influenced by the different manufacturing
processes employed. Nanoparticles obtained by spray-drying showed the best results in terms of water
uptake and drug release rate. Moreover, they showed a good bactericidal activity against S. aureus.

� 2015 Elsevier B.V. All rights reserved.

1. Introduction

It has recently been demonstrated that micro/nanoparticles
based on chitosan can be suitable delivery systems for oral
site-specific drug delivery [1]. Chitosan (CH) is a natural linear
polycationic polysaccharide obtained by partial N-deacetylation
of chitin; it shows interesting properties such as biocompatibility,
biodegradability and mucoadhesion and it has been widely used
to prepare various oral drug delivery systems [2]. In particular,
in the last years chitosan particles have been developed as new
dosage forms for the treatment of colonic diseases such as ulcera-
tive colitis, Crohn’s disease, pseudomembranous colitis and irrita-
ble bowel syndrome [3,4], confirming chitosan’s ability to
enhance drug absorption and to improve drug bioavailability.
Vancomycin (VM) is an antibiotic glycopeptide used in the

prophylaxis and treatment of serious infections such as the pseu-
domembranous colitis caused by Clostridium difficile [5] and of
other pathologies caused by Gram-positive bacteria e.g.
Staphylococcus aureus and other Staphylococcus species that are
unresponsive to other antibiotics [6]. Nevertheless, the oral
administration pathway of VM is mainly limited by degradation
in the acidic environment of the stomach, by enzymatic degrada-
tion, by low epithelial permeability, and by rapid clearance from
the gastrointestinal tract. For this reason, VM needs to be admi-
nistered intravenously for systemic therapy and it is associated
with severe adverse effects [7].

To increase VM’s oral bioavailability, micro/nanoparticles based
on chitosan/pectin [8,9] and macrogel-based solid dispersion beads
[5] have been developed. In particular, nanoparticles possess sev-
eral advantages over other forms of conventional delivery systems
such as tablets and capsules. The size of particles plays an impor-
tant role in colon-targeted delivery: small particles can better
attach to mucus layers due to their easier penetration and their
relatively small mass. Moreover, nanoparticle accumulation could
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locally deliver higher amounts of entrapped drugs to the colon,
thus leading to a better therapeutic efficacy. Finally, drugs are
much stable in the gastro-intestinal tract when encapsulated
within nanoparticulate systems [10,11].

The aim of the present work was to prepare CH micro/nanopar-
ticles for colon-specific delivery of VM. CH particles were prepared
with different CH/TPP molar ratios and different technological pro-
cesses. In particular, particles were obtained by ionic gelation and
subsequent freeze-drying or, alternatively, by using different types
of spray-drying apparatus. Subsequently, CH particles were
characterized in terms of size, encapsulation efficiency, drug load-
ing and mucoadhesive properties. In vitro drug release studies
were performed in order to elucidate the ability of the developed
formulations to release VM at different pH, and the antimicrobial
activity was estimated.

2. Materials and methods

2.1. Materials

Vancomycin was a kind gift from Hikma Italia (Pavia, Italy). Low
molecular chitosan (CH, Mw � 150 kDa, viscosity 20–300 cP,
T = 20 �C, 1% in 1% acetic acid; deacetylation degree 95%), penta-
sodium tripolyphosphate (TPP), mucin Type II (crude from porcine
stomach) as well as all other chemicals and solvents (HPLC grade)
were purchased from Sigma–Aldrich (Milan, Italy).

For in vitro studies phosphate buffers with different pH were
prepared with the following compositions per liter: pH 2, NaOH
2.6 g; citric acid 6.43 g; HCl 37% 5.72 mL and pH 7.4,
Na2HPO4 � 12H2O 2.38 g; K2PO4 0.19 g; NaCl 8.00 g.

2.2. Preparation of chitosan nano- and microparticles

2.2.1. Preparation of chitosan-particulates by dispersion method
CH nanoparticles were prepared by an ionic gelation method as

reported by Calvo et al. [12] with some modifications. CH was dis-
solved in acetic acid (0.5% v/v) obtaining the cationic phase (60 mL)
in two respective final concentrations (0.16 and 0.20% w/v). Upon
addition of TPP solution (0.15% w/v, drop wise) to the cationic
phase under constant agitation at room temperature for 10 min
chitosan nanoparticles were obtained. The conversion of the solu-
tion from clear/limpid appearance to opaque indicated nanoparti-
cles’ formation. Two formulations (A and B) with different CH/TPP
molar ratios were prepared as shown in Table 1. For the prepara-
tion of VM-loaded nanoparticles, 400 mg of VM was dissolved in
the cationic phase (60 mL) and the final nanoparticle suspension
was prepared as described before.

2.2.2. Obtaining of solid state chitosan particulate by freeze drying
The nanoparticle suspensions were centrifuged (10,000 rpm,

30 min, T = 25 �C) in the presence of different cryoprotectants.
Specifically, 200 lL of glycerol, mannitol (1% w/v) and sucrose
(1% w/v) solutions, respectively, was used in order to investigate
the best excipients with respect to the best re-suspension proper-
ties. Supernatants were removed and the nanoparticles were re-
suspended in deionized water. These suspensions were frozen

Table 1
Preparative characteristics of the different formulations.

Concentration of CH/TPP CH/TPP molar ratio Formulation

0.20% w/v CH–0.15% w/v TPP 10:1.5 A
0.16% w/v CH–0.15% w/v TPP 8:1.5 B

CH solution 
(0.16/ 0.20% w/v)  

+ 
 VM 

TPP (0.15 % w/v) 

10:1.5 CH/TPP (A) 
8:1.5 CH/TPP (B) 

Microparticles processed by 
Mini Buchi Spray-dryer 

MICRO SD 

Nanoparticles processed by 
freeze-drying 
NANO LYO 

Nanoparticles processed by 
Nano Buchi Spay-dryer 

NANO SD 

Fig. 1. Flow sheet of the experimental procedure for the micro/nanoparticle preparation.
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