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In this paper, the suitability of nanomaterials for drug delivery systems was studied, 

including nanoparticle and nanofiber diameters measurement, when using the 

hydrodynamic light scattering, scanning electron microscopy, the optimization of 

protein concentration for adsorption, and of protein release assessment. The advantage 

of nanomaterials is their large surface area. The aim of a series of sorption experiments 

was to monitor the rate of sorption of ovalbumin (OVA) on three types of chitosan (CS)-

based nanomaterial carriers – the nanoparticles of chitosan, the nanoparticles of 

chitosan-grafted-functionalized copolymer of polyacrylamide with polylactic acid 

(CS/PLA/PAA), and the electrospun nanofibers. In the nanomaterials, the loading 

efficacy and loading capacity were calculated and compared. 
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Introduction 

 
Chitosan is a natural polymer derived from chitin, representing an easily available 
polysaccharide which has the benefits of biodegradability and biocompatibility 
for living organisms. Chitosan is a tool used in regenerative engineering and 
wound healing, immunostimulation, or for blood coagulation [1–5], having also 
excellent properties for controlled releasing of drugs [6]. Promising examples of 
mucosal oral or nasal vaccines based on chitosan showed its positive results with 
hemagglutinin Influenza virus [3], Hepatitis B virus [7] and Schistosoma [8]. Role 
of chitosan in such a vaccine is presented as being able of enhancing the immune 
response as the adjuvant [3,9]. 

Chitosan-based materials are successfully formed into fibers, films, gels, or 
nanomaterials as nanoparticles and nanofibers. A combination of the antigen with 
a suitable type of nanomaterial is very convenient. Nanofibers are of porous 
character while having a high surface area-to-volume ratio, which makes them 
suitable for application in drug delivery or wound healing. Chitosan nanofibers 
with diameter of 100–400 nm are well tolerated in the organism [10]. Size of 
chitosan nanoparticles is ambiguous. Nanoparticles with a diameter smaller than 
100 nm can enter the cells by endocytosis, which acts toxic in the body [11,12]. 
Nanoparticles with diameters above 100 nm thus meet the non-toxicity for 
potential in vivo applications. To overcome limited mechanical properties and 
water insolubility of chitosan nanoparticles, profitable was the combination with 
other polymers, poly(lactic acid) (PLA) [13], or polyacrylic acid (PAA) [14]. PLA 
is linear, aliphatic polyester of lactic acid derived from renewable sources, such 
as corn, potatoes, sugar, and other agricultural products. PLA is biocompatible 
material and its derivatives are non-toxic. PLA is well known for the fabrication 
of various types of the 3D-scaffold structure. In the respective study [15], the 
PLA/CS nanoparticles were presented as a promising carrier system for controlled 
delivery of HIV-virus antigen and drugs. PAA is stable polymer of slightly acidic 
character due to the presence of carboxyl groups in the molecule. PAA is mainly 
used to form hydrogels incorporating surfactants and pharmaceuticals [14]. 

The simplest way of binding molecules to the surface of nanofibers or 
nanoparticles is via adsorption of any protein, involving Van der Waals forces, 
electrostatic forces, hydrophobic interactions, or hydrogen bonds within the 
nanomaterial, to the nanomaterial surface. A more complex internal structure of 
nanomaterial causes adsorption combined with penetration in the inner core and 
prevents the immediate release of the protein [16]. Then, the release pattern of any 
antigen or a drug is  except for desorption  influenced by degrading the chitosan 
nanoparticles by lysosomes [17], and dependent on amine content of chitosan 
nanoparticles [18]. Therefore, a task concerning a defined amount of drug release 
can be solved by means of a method for conjugation of a drug into the chitosan 
skeleton and for the respective determination of this conjugate. 
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Material and methods 

 
Chemicals  
 
Chitosan with MW 50–190 kDa and deacetylation degree >70%, sodium 
tripolyphosphate (TPP), chicken albumin, and other pure chemicals were 
purchased from Sigma-Aldrich (St. Louis, MO, USA). MicroBCA protein assay 
reagent kit (Pierce Biotechnology, Waltham, MA, USA), precision plus protein 
unstained standards, and Bio-safe Coomassie G-250 stain were from Bio-Rad 
Laboratories (Hercules, CA, USA). 
 
 
Nanoparticles preparation and nanofibers characterisation 
 
Preparation of Chitosan/tripolyphosphate (CS/TPP) nanoparticles was based on 
ionotropic gelation of the low molecular CS with TPP anions in a ratio of 2:1 is 
described in detail in our previous paper [19]. Nanoparticles after preparation 
were dialyzed using 3.5 kDa molecular weight cut-off dialysis tubing (SERVA 
Electrophoresis, Heidelberg, Germany) mixed with a 0.1M acetate buffer (pH 5.5), 
and stored at 4 °C. 

Dried nanoparticles of chitosan-grafted-functionalized copolymer of 
polyacrylamide and polylactic acid (CS/PAA/PLA) were hydrated in distilled 
water overnight, acidified by 6M HCl, and sonicated for 20 minutes. 

Nanofibers were prepared by special needleless technology NanospiderTM, 
in an electrospinning laboratory device (NS LAB 500 S; Nanovia, Litvínov, 
Czech Republic), from the polymer solution of chitosan with polyethylene oxide 
in acetic acid and crosslinked by heating to 130 °C for 1 hour [20]. Chitosan 
nanofibers with diameters of 100–400 nm and of basis weight 10 gsm were cut into 
squares (1.5 × 1.5 cm). Prior to biofunctionalization of the nanofibers, polypropylene 
spunbonds were torn off and all squares weighed. 
 
 
Dynamic light scattering (DLS) of chitosan nanoparticles 
 
The average particle size was determined by dynamic light scattering (DLS) using 
a Zetasizer and software version 7.03 (Malvern Instruments, Worcestershire, UK). 
The measurements were performed in a 0.1M acetate buffer (pH 5.5) at 25 °C, 
with a scattering angle of 173°, when using disposable cuvettes (Brand, P-Lab, 
Prague, Czech Republic). Amount of nanoparticles per sample was 0.25 mg in 
1.5 mL. Each measurement was performed in 12 replicates after 30 s. Data were 
statistically evaluated. 
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Scanning electron microscopy 
 
Imaging by scanning electron microscopy of the nanoparticles and nanofibers 
prepared were performed using a VEGA3 SBU apparatus coupled with 
backscattered electron detector (both Tescan, Brno, Czech Republic). 
Nanoparticle samples were freeze dried by Scan Vac CoolSafe and coated with a 
conductive layer of gold (with thickness of 0.2 nm) in Balzers sputter coater to 
prevent the charging of the specimen. 
 
 
Protein loading conditions 
 
From variable nanoparticle and nanofibre sample solutions, a quantity of 4 mg of 
the solid was taken. Nanofiber squares with a high degree of homogeneity and no 
structural defects were chosen for the protein adsorption, with a weight of 4 mg; 
the respective samples being prepared in duplicate. To wash and separate the 
particles from the solution, centrifugation was performed for 5 minutes at 5000 rpm 
on a minispin centrifuge (Eppendorf). The suspension of particles was washed with 
a 0.01M phosphate buffer (pH 7.3) and subsequently, a volume of 500 μl of 
ovalbumin solution in the same phosphate buffer was added and the volume 
adjusted to 1 ml with this buffer. Incubation was performed for 2 hours at 4 °C with 
gentle rotation; the supernatant being kept for further measurements. 
 
 
Evaluation of the ovalbumin loading efficacy and nanomaterial loading capacity  
 
The protein loading efficacy of the nanomaterials and the loading capacity was 
calculated in an indirect way, by quantifying the protein that remained contained in 
supernatant [21]. An aliquot of the particle suspension (2 mg) was centrifuged at 
5000 rpm for 5 minutes. The total protein and protein in supernatant were quantified 
by microBCA-protein assay reagent kit using a microplate reader with a 570 nm 
filter. The calculated values were the average of at least two samples per mg of 
nanoparticles. 

  
total amount of protein  free amount of protein

LE % 100
total amount of protein


   (1) 

The loading capacity (LC) of nanomaterials was measured using the same 
aliquot of nanomaterial by the microBCA-protein assay reagent kit. An aliquot of 
the particle suspension (2 mg) was centrifuged at 5000 rpm for 5 minutes and the 
adsorbed protein quantified directly by micro BCA-protein assay reagent kit with 
the aid of a microplate reader with a 570 nm filter. In this case, the calculated  
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values were the average of at least two samples per mg of nanoparticles. The 
procedure with the nanofiber (1.51.5 cm) was made in the same way, but without 
centrifugation step and the calculated values were the average of at least two 
samples per mg of nanofiber weight. 

  
g of total amount of protein  g of free amount of protein

LC g 100
mg of chitosan nanomaterial dry weight

  
    (2) 

 
 
In-vitro protein release  
 
The method for release study was adopted from [22] with slight changes. A 
portion of 2 mg of freshly prepared ovalbumin loaded nanoparticles was 
suspended in a 0.01 M phosphate buffer (pH 7.3) and maintained to the final 
volume of 1 ml at room temperature. The supernatant in NP suspension was 
gradually changed using the same phosphate buffer, followed by centrifugation at 
5000 rpm for 5 minutes. Aliquots of supernatants were analysed by microBCA-
protein assay reagent kit. The amount of ovalbumin released was determined by 
the equation (3): 

  
g of Ova released

Ovalbumin released g
g of Ova loaded


 


 (3) 

A cumulative amount of ovalbumin (in %) released from 2 mg nanoparticles 
was calculated, when the respective values were the average of 6 repetitive 
measurements. The procedure with the nanofiber (1.5  1.5 cm) was then made in 
the same way without centrifugation step and the calculated values are related to 2 
mg of nanofiber weight. 
 
 
Results and discussion 

 
Chitosan nanomaterials can be successfully formed into nanoparticles and 
nanofibers. The suitability of these nanomaterials as drug carriers has been studied 
by using ovalbumin. The aim of a series of sorption experiments was to monitor 
the rate of the ovalbumin sorption on three types of chitosan (CS)-based 
nanomaterial carriers, nanoparticles of chitosan (CS/TPP) formed by the 
ionotropic gelation, nanoparticles of chitosan-grafted-functionalized copolymer 
of polyacrylamide and polylactic acid (CS/PLA/PAA) and electrospun chitosan 
(CS) nanofibers with a mass per unit area 10 gsm. The rate of the ovalbumin 
release was performed and compared for the nanomaterials. 
 



Slováková M. et al. (2): Sci. Pap. Univ. Pardubice, Ser. A 25 (2019) 53–64 

58 

Nanomaterials diameters and structure 
 
Diameters and structure of nanomaterials strongly influence not only its fate in 
the body, but also its sorption capacity. The given thickness of CS nanofibers and 
diameters CS/PLA/PAA nanoparticles are listed in Table 1. Hydrodynamic 
diameter of CS/TPP nanoparticles was analysed by the dynamic light scattering 
using the Zetasizer (see again Table 1). Diameters above 100 nm of CS/TPP and 
also CS/PLA/PAA nanoparticles meet the definition of a nontoxic size nanomaterial 
for drug delivery carriers. 
 
Table 1 Diameters of nanoparticles and nanofibers 

Nanomaterial  Average size DH (nm) Source 

CS nanofibers 100–400 [20] 

CS/TPP nanoparticles 139.3 ± 1.78 Measured 

CS/PLA/PAA nanoparticles 150–180 Measured 

 
 

 
Fig. 1 SEM images of CS nanofibers (A), CS/TPP nanoparticles (B), and PLA/PAA/CS 

nanoparticles after freeze-drying (C,D) 

A, B: measured with VEGA3 TESCAN; C, D: measured with Nova NanoSEM 450, 10 kV, 
det. EDT. Magnification: 60,000 (A) and 18,000 (B). Scale bars: 1 µm (C) and 5 µm (D) 



Slováková M. et al. (2): Sci. Pap. Univ. Pardubice, Ser. A 25 (2019) 53–64 

59 

Structure of nanoparticles CS/TPP, CS/PLA/PAA and CS nanofiber was 
analysed using the scanning electron microscopy (SEM; Fig. 1). Chitosan nanofibers 
(image 1A) showed homogenous and uniform structures with extra-fibre space for 
the sufficient liquid diffusion. Morphology of CS/TPP nanoparticles revealed a 
particulate character and also roughly confirmed the size of 100–200 nm (1B). 
Visible aggregates and structural changes of the CS/TPP particles can be 
explained by the freeze drying process before the SEM analysis. The 
CS/PLA/PAA nanoparticles (Fig. 1C, image D) have well-defined spherical shape 
but with poly-dispersed arrangement. The freeze drying procedure had not 
affected the morphology of nanoparticles, which can be explained by the presence 
of the hydrophobic side chains. 
 
 
Efficacy of the protein loading to the nanoparticles and nanofibers 
 
Adsorption of proteins to the nanomaterial hydrophobic surfaces can be either 
passive or electrostatic when considering the charged nanomaterial surfaces. In 
general, the advantage of the adsorption-based immobilization is that protein 
molecule stays unmodified. Protein-containing solution was loaded to the 
nanomaterials. Basic evaluation of sorption experiments was done by the SDS-
PAGE analysis (Fig. 2) and by exact calculations of loading efficacy and loading 
capacity. The resultant figure confirms the loss of ovalbumin compared to the 
original protein concentration after sorption onto the all nanomaterials. 
 

 
Fig. 2 Evaluation of ovalbumin (0.5 mg mL−1) loading to chitosan nanomaterials – 

nanofibers (A), nanoparticles CS/TPP (B) and nanoparticles CS/PLA/PAA (C) 
by SDS-PAGE electrophoresis 

Positions in gels: 1 – loading fraction (500 μg ml−1), 2 – supernatant after loading, 3 – washing 
fraction. 10 % gel, Coomassie brilliant blue staining (Bio-Rad) 

 
 

Different concentrations of ovalbumin (0.1, 0.5, 1, and 3 mg mL−1) loaded 
to the nanomaterials were investigated by evaluating the loading efficacy. It has 
been assumed that the percentage of any drug incorporated to nanomaterials 
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decreases generally with the increasing amount of drug in the polymerization 
medium [23]. Quantification of the ovalbumin was performed by measuring the 
protein concentration in the supernatants by means of the BCA method. Loading 
efficacies (LE) were calculated using the eqn. (1) and are plotted on Fig. 3. 

The loading efficacies (Fig. 3) have shown an upward trend in the uptake 
of ovalbumin into all nanomaterials at protein concentrations of 0.1, 0.5, and 
1 mg mL−1, except for nanofibers, where the highest values were achieved with 
0.5 and 1 mg mL−1. High efficacy values of ovalbumin-loaded nanofibers and 
CS/PLA/PAA show the higher specific surface in comparison to the ovalbumin 
CS/TPP nanoparticles. As the concentration of ovalbumin had increased to 
3 mg mL−1 for the nanomaterials, the load efficacies have decreased, which can 
be explained by the saturation of the nanomaterial surface with protein and a 
possible effect of steric hindrance. Loading capacities (LC) of nanomaterials were 
calculated from the equation (2) and plotted in Fig. 4. 

 

 
Fig. 3 Loading efficacy of ovalbumin-loaded chitosan nanofibers (A), CS/TPP 

nanoparticles (B) and CS/PLA/PAA nanoparticles (C) (n = 4)  
 
 

A comparison of the loading capacity of all the ovalbumin nanomaterials 
have shown a balanced increase (Fig. 4). Highest loading capacity showed carriers 
of chitosan nanofiber followed by CS/PLA/PAA and CS/TPP nanoparticles. 
Nanoparticles of the CS/TPP type exhibited the slowest increase of the loading 
capacity in the smallest ovalbumin concentrations and, for ovalbumin concentration 
of 3 mg mL−1, the loading capacity was comparable to that of the CS/PLA/PAA 
nanoparticles. The results have thus shown slightly lower capacity of ovalbumin 
CS/TPP nanoparticles. A typical swelling of chitosan in CS/TPP nanoparticles in the 
aqueous environment is likely due to a contribution of a reduction in the specific 
surface area, while the CS/PLA/PAA nanoparticles with a lower proportion of 
chitosan and CS nanofibers with pores between the fibers have a limited ability to 
be swollen. 
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Fig. 4 Comparison of the loading capacity of ovalbumin loaded chitosan 
nanomaterials, CS nanofibers, nanoparticles CS/TPP and nanoparticles 
CS/PLA/PAA (n = 4) 

 
 
Ovalbumin in vitro release profiles  
 
The release of a protein can be controlled by diffusion, erosion, osmosis-mediated 
events or by combination of these mechanisms [24]. 

The rate of protein release depends on the properties of the nanomaterial, 
such as chemical composition of the polymer, protein properties, protein 
attachment method, and reaction conditions (pH, temperature, ionic strength [25]). 
Ovalbumin (with 1 and 3 mg mL−1 loaded) release profiles of CS nanofibers, 
CS/TPP nanoparticles and chitosan-grafted PLA/PAA nanoparticles in a 0.01M 
phosphate buffer are shown in Fig. 5. 

The ovalbumin release profiles plotted in Fig. 5 differ each from others 
according to the composition and structure of the nanomaterials used. The 
ovalbumin release profiles showed the release profiles dependent on the initial 
protein loaded concentrations. The lowest ovalbumin release was found for the 
CS/TPP nanoparticles, with immediate burst effect and for both ovalbumin 
loading concentrations. Such a fast release could be reduced by encapsulation of 
ovalbumin loaded CS/TPP particles to polymeric capsule, e.g. sodium alginate. 
On the other hand, the presence of PLA/PAA influenced the assembly process of 
the nanoparticles and consequently the release rate itself. 
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Fig. 5 Cumulative curves of ovalbumin release from nanofibers, CS/TPP nanoparticles 
and chitosan-grafted PLA/PAA nanoparticles loaded with 1 mg mL−1 and 
3 mg mL−1 ovalbumin (n = 4)  

 
 

Compared to this, the release rate of CS nanofibers has shown only a flat 
initial burst effect followed by gradual release. 
 
 
Conclusions 

 
In this work, three different nanomaterials have been monitored containing 
chitosan, onto which ovalbumin was adsorbed. Chitosan nanofibers were found 
to have the highest efficacy with 0.5 and 1 mg mL−1 of the ovalbumin loaded. 
CS/TPP nanoparticles showed the weakest sorption properties, the most effective 
sorption could be achieved with 1 mg mL−1 of ovalbumin loaded. 

The CS/PLA/PAA evaluation has revealed that the strongest sorption efficiency 
could be achieved when being adsorbed with 1 mg protein per nano-particle. CS/TPP 
nanoparticles released the highest concentration of the adsorbed protein within the first 
fraction. CS/PLA/PAA nanoparticles released ovalbumin slowly, but with a faster 
burst effect. Finally, the protein release profile of CS nanofibers has shown least 
pronounced trend. 
  

O
v
a
lb

u
m

in
 r

e
le

a
s
e
 [

μ
g

 m
L

−
1
] 

Time [min] 



Slováková M. et al. (2): Sci. Pap. Univ. Pardubice, Ser. A 25 (2019) 53–64 

63 

Acknowledgement 

 
Authors thank to Ing. Milan Vlček, CSc. from Joint Laboratory of Solid State 

Chemistry. This work was supported by the student research project of the 

University of Pardubice SGS_2019_007. 

Chitosan-grafted-functionalized copolymer of polyacrylamide and polylactic 

acid was a kind gift of prof. V. Sedlařík from Tomas Bata University in Zlín, 

Czech Republic. 
 
 
References 

 
[1] Stránská D., Doležal P.: Preparation for application of at least one biologically and/or 

pharmaceutically active substance. Patent WO2014131376, CZ20130144 (2013). 
[2] Lee J.E., Kim S.E., Kwon I.C., et al.: Effects of a chitosan scaffold containing 

TGF-beta1 encapsulated chitosan microspheres on in vitro chondrocyte culture. 
Artificial Organs 28 (2004) 829–839. 

[3] Sawaengsak C., Mori Y., Yamanishi K., Mitrevej A., Sinchaipanid N.: Chitosan 
nanoparticle encapsulated hemagglutinin-split influenza virus mucosal vaccine. 
An Official Journal of the American Association of Pharmaceutical Scientists 
15(2) (2014) 317–325. 

[4] Arca H.C., Günbeyaz M., Senel S.: Chitosan-based systems for the delivery of 
vaccine antigens. Expert Review of Vaccines 8(7) (2009) 937–953. 

[5] Jabbal-Gill I., Watts P., Smith A.: Chitosan-based delivery systems for mucosal 
vaccines. Expert Opinion on Drug Delivery 9(9) (2012) 1051–1067. 

[6] Tamura H., Furuike T., Nair S.V., Jayakumar R.: Biomedical applications of chitin 
hydrogel membranes and scaffolds. Carbohydrate Polymer 84 (2011) 820–824. 

[7] Almeida M.S., Borges O.: Nasal Vaccines Against Hepatitis B: An Update. 
Current Pharmaceutic Biotechnology 16(10) (2015) 882–890. 

[8] Oliveira C.R., Rezende C.M.F., Silva M.R., Pego A.P., Borges O., Goes A.M.: 
A New Strategy Based on SmRho Protein Loaded Chitosan Nanoparticles as a 
Candidate Oral Vaccine against Schistosomiasis. PLoS Neglected Tropical 

Diseases 6(11) (2012) 1894. 
[9] Bento D., Staats H.F., Gonçalves T., Borges O.: Development of a novel 

adjuvanted nasal vaccine: C48/80 associated with chitosan nanoparticles as a path 
to enhance mucosal immunity. European Journal of Pharmacy and Biopharmacy 
93 (2015) 149–164. 

[10] Jayakumar R., Prabaharan M., Nair S.V., Tamura H.: Novel chitin and chitosan 
nanofibers in biomedical applications. Biotechnology Advances 28(1) (2010) 
142–150. 

[11] Vaculíková E., Plachá D. Jampílek J.: Toxicology of drug nanocarriers (in 
Czech). Chemické Listy 109(5) (2015) 346–352. 

[12] Keck C.M., Muller R.H.: Nanotoxicological classification system (NCS) – a guide 
for the risk-benefit assessment of nanoparticulate drug delivery systems. 
European Journal of Pharmacy and Biopharmacy 84(3) (2013) 445–448. 



Slováková M. et al. (2): Sci. Pap. Univ. Pardubice, Ser. A 25 (2019) 53–64 

64 

[13] Di Martino A., Sedlarik V.: Amphiphilic chitosan-grafted-functionalized 
polylactic acid based nanoparticles as a delivery system for doxorubicin and 
temozolomide co-therapy. International Journal of Pharmacy 474(1–2) (2014) 
134–145. 

[14] Peng H., Dong R., Wand S., Zhang Z., Luo M., Bai Ch., Zhao Q., Li J., Chen L., 
Yiong H.: A pH-responsive nano-carrier with mesoporous silica nanoparticles 
cores and poly(acrylic acid) shell-layers: Fabrication, characterization and 
properties for controlled release of salidroside. International Journal of 

Pharmaceutics 446(1–2) (2013) 153–159. 
[15] Dev A., Binulal N.S., Anitha A., et al.: Preparation of poly(lactic acid)/chitosan 

nanoparticles for anti-HIV drug delivery applications. Carbohydrate Polymers 
80(3) (2010) 833–838. 

[16] Alleman E., Gurny R.,  Doelker E.,  Allémann E.,  Deolker E. Drug-loaded 
nanoparticles – preparation methods and drug targeting issues. European Journal 

of Pharmaceutics and BioPharmaceutics 39 (1993) 173–191. 
[17] Dai C.X., Kang H., Yang W.Q., Sun J.Y., Liu C.L., Cheng G.G., Rong G.Y.,  

Zhao K.: O-2’-Hydroxypropyltrimethyl ammonium chloride chitosan 
nanoparticles for the delivery of live Newcastle disease vaccine. Carbohydrate 

Polymers 130 (2015) 280–289. 
[18] Xu J., McCarthy S.P., Gross R.A., Kaplan D.L.: Chitosan film acylation and 

effects on biodegradability. Macromolecules 29(10) (2009) 3436–3440. 
[19] Slováková M., Kratochvilová V., Palarčík J., Metelka R., Dvořáková P., Srbová J., 

Munzarová M., Bílková Z.: Chitosan nanofibers and nanoparticles for 
immobilization of microbial collagenase. Vlakna a Textil 23(3) (2016) 193–198. 

[20] Srbová J., Slováková M., Křípalová Z., Žárská M., Špačková M., Stránská D., 
Bílková Z.: Covalent biofunctionalization of chitosan nanofibers with trypsin for 
high enzyme stability. Reactive Functional Polymers 104 (2016) 38–44. 

[21] Borges O., Tavares J., de Sousa A., Borchard G., Junginger H.E., Cordeiro-da-
Silva A.: Evaluation of the immune response following a short oral vaccination 
schedule with hepatitis B antigen encapsulated into alginate-coated chitosan 
nanoparticles. European Journal of Pharmaceutical Sciences 32(4–5) (2007) 
278–290. 

[22] Biswas S., Chattopadhyay M., Sen K.K., Saha M.K.: Development and 
characterisation of alginate coated low molecular weight chitosan nanoparticles 
as new carriers for oral vaccine delivery in mice. Carbohydrate Polymers 121 
(2015) 403–410. 

[23] Bapat N., Boroujerdi M.: Uptake capacity and adsorption isotherms of 
doxorubicin on polymeric nanoparticles: effect of methods of preparation. Drug 

Development and Industrial Pharmacy 18(1) (1992) 65–77. 
[24] Miyazaki Y., Yakou S., Takayama K.: Study on jelly fig extract as a potential 

hydrophilic matrix for controlled drug delivery. International Journal of 

Pharmacy 287 (2004) 39–46. 
[25] Costa P., Sousa Lobo J.M.: Modeling and comparison of dissolution profiles. 

European Journal of Pharmaceutical Sciences 13(2) (2001) 123–133. 


