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ABSTRACT 
Recently biological studies have demonstrated that 

chitosan derivatives were effective, safe absorption 

enhancers to improve the delivery efficiency of drug, and 

suitable for controlled drug release because it has stability, 

bio-compatibility and biodegradability. Recently, the 

interest in the extension of human life and the health has 

been increased. Many researches in a pharmacy and a 

medical area have studied in a sustained drug release 

property and stability of drug release property in a 

body.  All of the infants have to be prescribed by three 

consecutive injection of hepatitis vaccine just after his birth 

adults are also prescribed by an intra muscular injection 

every five years. In this study biodegradable polymer's 

derivatives was synthesized and made to nanoparticles as a 

supporter of vaccine. 

The drugs delivery efficiency through the intramuscular 

and nasal cavity were demonstrated by the in vivo test. 

Characteristics of nanoparticles were analyzed by  

ELS(Electrophorestic Light Scattering), SEM(Scanning 

Electron Microscope) and AFM(Atomic Force 

Microscopy). 

 

1    INTRODUCTION 
 

Researches on drug release in the biomedical industry 

can be said to be one the most effective ways to stand up 

against side effects including: a) angioma due to an 

intramuscular and intravenous injection, b) allergies and 

mental stresses that are originated from other kinds of 

immune disorders on the skin, c) drug dissolution induced 

from the oral administration. The meaning of the drug 

release study is linked directly with the dignity of human 

beings in terms of reducing the pain of drug delivery. This 

study is valuable as a noble delivery method of the drug. 

This study has been increasingly applied to various fields 

including the inhibitor of partial nerves (for local 

anesthesia), medical supplies for kids, and substitutes for 

the existing drug. Unlike the existing direct medication 

sought only after the treatments, a recent trend of drug 

manufacturing is toward longer lasting effects with less 

pain and less quantity. This field has been considered as 

one of the most prospective fields of the medical industry, 

and thus has been enormously invested in to develop the 

complex drug delivery system that releases multi-

functional, compound and compact drugs. As the effect of 

a medicine appears in proportion to the drug concentration 

in the blood, it is necessary to control the curve of the 

blood concentration with various pharmaceutical 

technologies. Hence, it is essential that the behavior of the 

drug in a body should be controlled by various 

technologies to perform the stable and effective 

medication on the selective area. 

Hepatitis virus(Hv) is the liver affinity DNA virus as a 

kind of hepadna virus has 42 nm diameter and no cell 

denaturalization phenomenon. Outer membrane of the 

virus consist of hepatitis surface antigen(HBsAg) and 

center is composed of Hv DNA and hepatitis B core 

antigen (HBcAg). It is very mortal that people over 8 % 

get infected with chronic hepatitis as increasing trend and 

consequently leaded to the death because of a 

complication arises of cirrhosis and liver cancer.  

Hepavax-Gene (recombinant gene vaccines) was 

developed using the yeast cells of Hansenula polymorpha, 

into which a plasmid containing the gene for HBsAg has 

been inserted. Hepatitis B is caused by a virus that attacks 

the liver. The virus, which is called hepatitis B virus 

(HBV), can cause lifelong infection, cirrhosis (scarring) of 

the liver, liver cancer, liver failure, and death. All of the 

infants have to be prescribed by three consecutive 

injection of hepatitis vaccine just after his born. Currently, 

two primary immunization doses given intramuscularly 

are followed using three injections at 0, 1, and 6 months or 

four injections at 0, 1, 2, 12 months. The Hepavax-gene 

purchased from Green Cross Co. is formed irregular 

cluster with absorbent such as aluminum hydroxide gel.  

Chitosan, poly (D-glucosamine) is obtained by 

deacethylation of chitin which is produced in shells of crab, 

shrimps, insects, mushroom cell wall, etc. It has a very 

valuable properties in drug delivery, because chitosan is 

non-toxic and has many useful features; biodegradability, 

biocompatibility, hydrophilicity, antibacterial activity, and 

protein affinity positive polyanion. Chitosan nanoparticles 

were easily formed by the ionic cross-linking gelation 

between a positively charged amino group of chitosan and a 

negatively charged counterion of Tripolyphosphate(TPP). 

The TPP is the most popular because of its non-toxic 

property and quick gelling ability.   

 

 

Figure 1. Molecular structure of Chitin and Chitosan. 
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Nasal cavity’s mucosa, that have a large surface area, 

and capillaries of high blood stream are ranging on the 

mucosa surface. It is useful site in drug delivery Because 

Waldeyer's loop places on nasal cavity inside. Nevertheless, 

there are two barriers of vaccine protein transport through 

the nasal cavity; short retention time and low membrane 

ermeability. Any inhaled particles or microorganisms are 

trapped by the hairs in the nasal vestibule or by the mucus 

layer of the nasal cavity. Due to the mucociliary clearance 

mechanism, the mucus layer, the mucus layer will gradually 

carry such particulates to the back of the throat. The mucus 

flow rate is in the order of 5mm/min and hence the mucus 

later is renewed every 20 minutes. The other factor is drug 

permeability. Drug can cross the epithelial cell membrane 

either by the transcellular route, in compliance with 

concentration gradients, receptor mediated transport, 

vesicular transport mechanism, or by the paracellular route 

through the tight junction between the cells. In case of the 

latter, drug can pass when particles molecular weight below 

1000Da. Mentioned problems were tried to overcome 

through the high adhesivity chitosan nanoparticles. In this 

work, we investigated synthesized of chitosan nanoparticles 

using ionic cross-linking gelation, and was attached vaccine 

proteins. The efficiency of the chitosan  Hbs-Ag complex 

was verified to SD rat in vivo test through intramuscular 

and intranasal.   

 

2    EXPERIMENTAL 
 

2. 1    Reagents and Apparatus 

Chitosan flakes was purchased from Fluka (deacetyl- 

ation degree  = 95 %, molecular weight = 50,000 Da). The 

molecular weight was measured by a viscosity meter. 

Tripolyphosphate(TPP) was purchased Sigma-Aldrich 

Co.(USA), and all other reagents used were of analytical 

grade unless otherwise specified. The Hb vaccine without 

absorbent was kindly provided by Green Cross Co. (Korea) 

Antigen indication device was using Genedia Anti-Hbs 

Rapid Device was obtained from Green Cross Co. (Korea). 

In vivo SD Rat purchased NTacSam : Male SD (MPF SD : 

murine pathogen free Sprague - Dawley) from Korea 

Taconic Co. (Korea). At the chitosan powders purifications 

from purchased flakes were dried by a freeze dryer 

(Freezone plus 6, Labconco, USA),   Particle size and 

surface charge density were measured by ELS (ELS-6000, 

Otsuka Electronics, Japan), The morphological 

characteristics of the nanoparticles were observed by 

SEM(S-4700, Hitachi, Japan). 

 

2. 2  Chitosan nanoparticles 

The chitosan purification is importance to ensure that 

chitosan intended for medical applications is of the highest 

purity and free of contamination. Furthermore, It is remove 

a outside factor from particle preparation. Purchased 

chitosan flakes were purified by according to the different 

pH solubility. Solid chitosan flakes in 1N NaOH solution, 

allowing 1g of chitosan for 10ml NaOH solution. This 

solid-liquid mixture was stirred for 3h at 70℃, and then 

filtered off suction filteration. Chitosan was insoluable in 

the alkalis, and the recovered flakes were washed 

thoroughly and dried integrity.  This alkali treated chitosan 

flakes were dissolved in 0.1M acetic acid solution which 

was filtered using a filter paper to remove insoluble 

remnantal impurity. Filtered chitosan solution was adjusted 

pH value to pH 8.0 by 1 N NaOH, and purified chitosan in 

formed of bright yellow precipitates were washed 

thoroughly using deionized water. Finally, the uniform 

powder was obtained through the sieve (mesh No.100), this 

chitosan powder was used unless otherwise specified. 

Purified chitosan powder was dissolved integrity in 1% 

acetic acid solution on the sonicator. Yellowish transparent 

chitosan solution was filtered through the syringe filter, and 

it was diluted variation concentrations with 1% acetic acid. 

The chitosan solution was flush mixed with a determined 

volume of TPP solution and the formation of chitosan-TPP 

nanoparticles started spontaneously via the TPP initiated 

ionic gelation mechanism. The nanoparticles were formed 

at selected chitosan to TPP weight ratios of 1:1, 2:1, 3:1, 

4:1, 5:1 and 6:1, and was examed to various(0.1% - 1%) 

concentration of chitosan solution. The suspension of the 

nanoparticles were more stirred for 1h at room temperature 

before being subjected to further analysis.  

Vaccine protein in aqueous was droped Purified 

chitosan powder, and then it was placed 1hour at room 

temperature. This chitosan powder - vaccine protein 

mixture was dissolved 1% acetic acid, The chitosan -

vaccine protein solution was flush mixed at 1hour with a 

TPP solution. The Prepared chitosan - vaccine 

nanoparticles were concentrated by centrifuge at 15minites, 

12000 rpm. Concentrated particles were modulated 

definitely quantities and resuspention using micropipette 

before in vivo test. Parepared vaccine particles for an in 

vivo test were resuspended to variation quantities  

Measurements of particle size and surface charge 

density of the nanoparticles were performed by ELS. The 

size measurement was examed at 25℃ at a 90° scattering 

angle. The surface charge density measurements were 

performed at 25℃ at a 20°. Before the analysis, the freshly-

made particles were diluted with deionized water. The  

morphological examination of the nanoparticles were 

performed by SEM, the diluted particles colloid were 

placed on a glass, and then vacuum-dried during  overnight. 

 

2. 3   Drug delivery test 

The susceptibility test of a SD Rat was performed by 

purchased hepavax, vaccine colloid was injected to thigh of 

SD rats(4 - 8 weeks, injection volume = 0.1 - 0.5ml). 

Secondarily test, chitosan - vaccine protein particles was 

injected to thigh of a SD rats(7 weeks, dosed vaccine 

protein quantities = 2 - 40 ㎍). Finally, chitosan – vaccine 

protein particles was absorbed to the nasal cavity of SD rats 

using micropipette All experiments repeated 3 times. (Table 

3) All animals were housed in polypropylene cages with 

prescriptive feed and tap water, with 12-hour light/dark 

cycle.  For all SD rats, 0.5 ㎖ blood sampling were drawn 
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from the tail vein during one month at 24 hours intervals 

after vaccine delivery.  The collected blood was placed 

about 40min, this coagulated blood serum was separated 

through the centrifuge (3000g × 15min), and confirmed 

antibody using anti-body indicate device. All steps were 

performed at room temperature.  

 

3    RESULTS AND DISSCUSION 
 

The chitosan nanoparticles properties is shown by the 

Fiure 2. The particles size and surface charge density of 

nanoparticles were optimized to 150nm size with narrow 

distribution and optimal chitosan / TPP ratio. The surface 

charge density of RGVP for variable pH was shown in 

Figure 2. 
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Figure 2.  

 

The particle size of Chitosan - vaccine protein is larger 

than the previously synthesized chitosan nanoparticles, the 

particles morphology is piled chitosan nanoparticles with 

vaccine protein, a distortional spherical shape is similar to 

each chitosan nanoparticles.  

We were confirmed Hbv Anti-gene's susceptibility to 

various weeks SD Rat and dosed quantities before an in 

vivo experiment. SD rats surface anti-body concentration 

were rose more than the effective levels. In this results, 

Antibody was independently transfections age and the 

dosed quantities at several days after injection. 

Subsequently, chitosan nanoparticles attached vaccine 

protein was dosed intramuscular and intranasal 

administrations.  Results of intramuscular administrations 

was confirmed to ability of chitosan nanoparticles as Drug 

adsorbent such as aluminum-hydroxide gel, and this is 

connotes which injection vaccine using chitosan drug 

carrier is sustained and protected to vaccine protein.  

Concurrently, intranasal administration was examed 

variation vaccine concentrations and different absorption 

intervals. We confirmed antibodies of several case but were 

partial. It is a notice that contact with continuous vaccine 

protein is dominate factor in immunozations than quantity 

of dose.  

 

 

Figure 3. In vivo test Results of the intranasal absorption 

(interval/frequency : 6h/8) 

 

 

 

Figure 4. Intranasal absorption results with various pH 

(interval/frequency 6h/8, CNP-RGVP ratio 6.6) 
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Figure 5. Interval/frequency adjust on intranasal absorption 

(method 3, CNP-RGVP ratio 6.6) 

 

 

4   CONCLUSIONS 
 

Biodegradable nanoparticles have a optimal particle size 

and surface charge density, the formation of synthesized 

nanoparticles is distortional spherical gel. And prepared 

vaccine nanoparticles with chitosan carrier was formed by 

electrostatic attraction. Chitosan nanoparticles were 

prepared using a ionic cross-linking gelation process under 

defined conditions, the optional concentration and ratio 

consisted of chitosan solution with TPP solution and 

chitosan / TPP ratio. Intramuscular and intranasal 

experiments are confirmed to chitosan ability as absorbent 

in drug by the variation in vivo test. The immunization 

efficiency of the intranasal delivery was lower than the 

intramuscular injection. The antibody verification after dose 

for different intranasal absorption conditions were shown in 

Figure 3, 4, and  5. 
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