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ABSTRACT

Keyword:

Biodegradable polymeric nanoparticles have attracted 
interests in a broad range of applications in nanotech-
nological devices. They could be utilized as peptide 
and protein delivery vehicles and desirably preserve 

enzymes into polymeric matrix.
In drug delivery systems having a monodisperse col-

loid of nanoparticles or achieving minimum polydis-

the nanoparticle distribution and thus bioavailability. 
The sizes of nanoparticles determine their penetration 
into cell membranes, binding and stabilization of pro-
teins, and lysosomal escape after endocytosis. They are 
also better suited for intravenous (i.v.) delivery. 

Chitosan, a linear aminopolysaccharid composed 
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and N-acetyl-d-glucosamine units, gained increased 
attention for drug delivery systems in view of its 
biocompatibility, non toxicity, low immunogenicity, 
biodegradability and cationic properties [1-3].

Several methods have been used for chitosan parti-
cle preparation including emulsion, ,solvent evapora-
tion, iontotropicgellation, spray drying, reverse micel-

the mentioned methods, ionic gellation method has 
-

tein delivery because of non toxicity, being organic 
solvent free controllablity, being convenient, mild and 
in a sense protein friendly [6].  In this method, inter-
action of amino groups of chitosan with negatively 

-
sponsible for ionic crosslinking [7].

Nanoparticle formation seems to be very sensitive 
to processing conditions such as ambient and chitosan 
solution temperature [6, 8], stirring rate [6, 8], ultra-
sonic exposure [8], crosslinking time [9], molecular 
weight, degree of deacetylation and concentration of 

-
centration [6, 9, 16 and 17], pH of chitosan solution 

[16]. This paper will focus on varying processing con-
ditions in order to achieve the best morphology and 
size of nanoparticles made from chitosan as peptide 
delivery vehicles. 

2. MATERIALS AND METHOD

-

and BSA were purchased from Sigma-Aldrich chemi-

We determined the hydrodynamic diameter of 

Instruments, UK).
The shape and morphology of the nanoparticles 

-
kled onto a glass slide and after complete drying was 
mounted on an SEM stub and sputter-coated with gold 
in an argon atmosphere. The coated samples were ex-

were prepared in acetic acid aqueous solution at room 
temperature and stirred for 2 h at high speed to ob-

solutions were ultralsonicated for 1 min and formed 
nanoparticles were concentrated by centrifugation at 

and were re-suspended in ultrapure water.

3. RESULTS AND DISCUSSION

As it is mentioned before, size and polydispersity of 
nanoparticles are important for drug delivery sys-

as proteins leads to higher amounts of size. Control 
of process parameters such as chitosan concentration, 

-

-
-

ble 1. It is evidence from Table 1 that with increasing 
pH more compact and smaller nanoparticles formed. 
Also, polydispersity values were reduced with in-
creasing pH amounts.

Noteworthy, achieving narrow distribution for chi-
-

posed of a wide distribution of low, medium and high 

Sample pH pdI
Hydrodynamic diameter 

(nm)
A
B
C 6

Ch concentration 0.16% (w/v), BSA concentration 0.88% 
(w/v, Ch:TPP 5, solution temperature 60°C. R2= 0. 94for size 
and R2= 0.99 for polydispersity.

Table 1: Samples and experiments conditions.
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molecular weights.
 This observation stems from ionic gellation concept. 
In this process, electro-positive amino hydrogen of 

each other electrostatically [11] admittedly, increasing 
pH may decrease protonation of  molecules. In con-
clusion, less NH3

+ Binding sites on chitosan molecules 
exist.

Also, Mi et al. [12] illustrated that in the aqueous 

3 , H2 3 3  varying accord-
ing to pH alterations in solution. pH increase leads to 

smaller nanoparticles are formed.
In higher solution temperatures viscosity of chitosan 
increase and consequently molecules approach each 
other, attractive forces get on the top of repulsive 
ones between NH3

+ sites causing small and compact 
nanoparticles as it is presented in Figure 1.

In this study, morphology of nanoparticles as it is 
depicted in Figure 2 is favorably smooth and spherical 
in shape which is in accordance with Britto’s results 
[13].

In this picture spherical nanoparticles are ranging 

Figure 1: Effect of chitosan solution temperature on hydrodynamic diameter. Ch concentration 0.16% (w/v), BSA concentration 

0.88% (w/v), Ch:TPP 5. D and E at pH= 4.5, F and G at pH= 6.

D: nm E: nm

G: nmF:
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of clusters of several nanoparticles comes into be-
-

tails of these features. It is evident that The size of 
the nanoparticles based on the FE-SEM micrographs 

the second is hydrodynamic diameter which is larger 
due to the ability of chitosan to swell in contact with 

4. CONCLUSIONS

According to our study it shows that varying the 

(chitosan solution temperature and pH increasement) 
might have a linear relationship with size and nar-
row down polydispersity. Seemingly, we are able to 
present that nanoparticles morphologies were spheri-

favorable size in the case of protein loaded chitosan 
nanoparticles.
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Figure 2: Above: SEM picture of nanoparticles at pH= 

4.5 and solution temperature of 25°C. Below: FE-SEM of 

nanoparticles at pH= 6 and solution temperature of 60°C. 

(Chitosan concentration 0.16% (w/v), BSA concentration 

0.88% (w/v), Chitosan: TPP= 5).


