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Poly(lactide-co-glycolide) (PLGA) nanoparticles are well known because of their ability to 
associate and release proteins in a controlled manner (1). Among the applications of these 
nanoparticles, their use as vaccine carriers for nasal and oral immunization has been 
extensively described (1, 2). Nevertheless, one of the limitations of these nanoparticles is 
their poor stability in nasal and gastrointestinal fluids due to their interaction with biological 
enzymes and proteins (3, 4). Due to this problem and also to their inespecific and limited 
interaction with the mucosal surfaces, the level of success achieved so far with regard to 
their use as vaccine carriers is quite low. One of the attempts aimed at increasing the 
efficacy of these particles is to target them to selected receptors on the epithelial cells 
underlying the mucosal surfaces. In this respect, the mannose receptors that are present on 
the M cells overlying Peyer’s patches (5) represent a good target for the interaction of 
particulate vaccine carriers (6).  

Taking this into account, the aim of this work was to develop a new nanoparticulate system 
made of PLGA chemically modified with mannosamine. We hypothesized that the presence 
of mannosamine could improve the interaction of the nanoparticles with the mannose 
receptors, thus acting as a targeted vaccine carrier. The method chosen for the preparation 
of the nanoparticles was the double emulsion method and the protein selected as a model 
was Bovine Serum Albumin (BSA).  

The terminal acid groups of the PLGA (Resomer 503) with Mw 34.000 and Mn 16.000, as 
determined by GPC, was chemically modified to the corresponding amide of the 
mannosamine, under mild conditions, using dicyclohexylcarbodiimide (DCCI) as coupling 
agent and dimethylaminopyridine (DMAP) in presence of mannosamine in N,N-
dimethylformamide (DMF) and under nitrogen atmosphere (7).  

The in vitro characterization results showed that PLGA-Mannosamine nanoparticles 
presented lower zeta potential values (- 43 mV) in comparison to the PLGA systems (- 55 
mV) used as control. This could be attributed to the presence of mannosamine on the 
particle surface. Additionally, SEM (Scanning Electronic Microscopy) revealed that PLGA-
Mannosamine systems presented a wrinkled surface (figure 1A) attributed to the 
mannosamine residues, which also contrasted with the smooth surface observed for PLGA 
particles (figure 1B). Moreover, the stability studies showed that the mannosamine has a 
role at preventing particle aggregation following incubation of the nanoparticles in 
simulated intestinal medium (pH: 6.8) at 37ºC. 

The incorporation of the protein BSA caused an increase of the particle size, which could be 
attributed to the high protein loading. In contrast, the zeta potential values were not affected 
by the protein association. The percentage of BSA associated to PLGA-Mannosamine 
particles (84 %) was higher than to PLGA ones (68 %) (table 1). However, mannose 
modification did not affect the release profile, showing an initial burst and then a sustained 
release for 28 days. 

In conclusion, we have designed a new type of biodegradable polymer nanoparticles with a 
potential targeting capability to the M cells. Moreover, these nanoparticles showed an 
improved stability in intestinal fluids as well as a good capacity for the association and 
release of proteins. 
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Figure 1: SEM micrograph of PLGA (A) and PLGA-Mannosamine nanoparticles (B)  
 
 
Table 1: 
Physico-chemical characteristics of BSA loaded PLGA and PLGA-Mannosamine nanoparticles 
(mean ± sd, n = 6) 
 

Polymer Size (nm) 
Zeta Potential  

(mV) 

Association 

efficiency (%) 

PLGA 375.0 ± 56.7 - 54.4 ± 0.3 67.7 ± 0.6 

PLGA-MAN 326.2 ± 6.7 - 47.1 ± 0.6 83.8 ± 1.8 
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