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An overwhelming number of 
medicines on the market are oral 

medicine with the disadvantage of lower 
bioavailability universally. Newcastle 
disease (ND) has become a serious 
disease that threatens the poultry 
industries in many countries, and there 
are no treatments available for ND. 
The biodegradable materials could be 
surface modified and protect antigen 
or DNA from damage. Furthermore, 
nanoparticles are also a potential drug 
delivery with proper size. However, 
Newcastle disease virus (NDV) vaccines 
encapsulated in nanoparticles were 
widely used due to their proved a high 
safety and induced quicker and better 
mucosal and humoral immune responses. 
Here we review the results of mucosal 
immune delivery system for ND. Due 
to the safety, low toxicity, and better 
immunogenicity of the mucosal immune 
delivery system, our studies provide a 
clearly view that used the biodegradable 
materials to research and develop the 
human vaccines to save more patients’ 
lives. These promising results provide a 
foundation for testing the approach in 
humans.

Introduction

The appearance of proteins, vitamins 
and gene drugs has made a great 
contribution to the field of medicine. At 
the same time, researchers also paid more 
attention to study oral medicine which 
can be adopted by people and convenient 
in the field of biomedicine and molecular 

biology. However, these oral medications 
have some disadvantages such as protein 
drugs have a character of high molecular 
weight, bad penetrability of biomembrane 
and partially be disrupted by protease 
in vivo, vitamin pills could hardly adapt 
to the enteric pH and gut flora, easily 
degradation by the nucleases and even 
have low bioavailability.

Drug delivery system (DDS) has 
powerful features of delivering drugs 
into target site,1 enhancing the stability 
of drugs and protecting antigen from 
degradation. Liposome, natural polymers, 
synthetic polymers and nanoparticles are 
served as potent adjutants of mucosal 
drug delivery system. Nano-drug delivery 
system is one of the most potential areas 
in nanomedicine. The advantage of nano-
drug delivery system with high level 
of drug release, appropriate sizes and 
diversification of dosage form made it 
successfully used in clinical application.2

Among all the available drug delivery 
materials, the biodegradable polymers 
become the best candidates because 
of their favorable biodegradability, 
biocompatibility and low toxicity. 
Chitosan is a natural biodegradable 
polysaccharide extracted from crustacean 
shells. It has been proven that chitosan 
nanoparticles can protect again biological 
degradation and sustained the release 
of drugs.3,4 We also modified the 
surface of chitosan to overcome the 
poor solubility in physiological pH. The 
results demonstrated that the derivatives 
of chitosan were capable of enhancing 
the bioavailability.5,6 Furthermore, as a 
novel drugs delivery carrier and tissue 
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engineering applications, cationic Poly (D, 
L)-lactic-co-glycolic acid (PLGA) have a 
rising feature of promising DNA vector 
with sustained-releasing ability.7

Newcastle Disease Virus Vaccine

Newcastle disease (ND) is a highly 
contagious viral disease of poultry 
and still one of the major problems of 
developing poultry industries in many 
countries.8,9 There are no treatments 
available for ND except vaccination. 
The NDV live vaccines and inactivated 
vaccines are used universally to control 

ND.10 But, these conventional vaccines 
have some disadvantages generally. Live 
vaccines can be administrated by feeding, 
drinking, aerosol and spray. However, 
a major problem of live vaccine is the 
requirements for both biocontainment and 
cold chain,11,12 especially potential damage 
due to partial virus toxicity reservation.13 
Inactivated vaccines could not elicit an 
efficient antibody response after the single 
immunization.14 Its poor immunogenicity 
and insecurity due to incomplete 
inactivation limitations the application 
of inactivated vaccines.15 In recent years, 
scores of people pay close attention to 
DNA vaccines as an emerging vaccines,16 

which can induce perfect mucosal, and 
humoral immune responses.17,18

Advance of Vaccine Encapsulated 
in Nanoparticles

During the past few years, large 
quantities of laboratories have made great 
efforts to prepare effective drug delivery. 
Also, their works lay a foundation for 
the further development of vaccines and 
drugs encapsulated in nanoparticles. 
Furthermore, mucosal immune with 
dual functions of cellular and humoral 
immunity are very important in the 

Figure 1. Transmission electron microscopy micrograph of the NDV vaccine nanoparticles. (A) pFNDV-PLGA-NPs(magnification 10,000 × ); (B) pFNDV-
CS-NPs(magnification 30,000 × ); (C) NDV-CS-NPs (magnification 25,000 × ). Abbreviations: NDV, Newcastle disease virus; pFNDV-PLGA-NPs, the F gene 
of Newcastle disease virus encapsulated in PLGA nanoparticles; pFNDV-CS-NPs, Newcastle disease virus F gene encapsulated in chitosan nanoparticles; 
NDV-CS-NPs, lentogenic live-virus vaccine against Newcastle disease virus.

Figure 2. In vitro expression of the NDV vaccine nanoparticles by western blotting. (A) In vitro expression of the pFNDV-PLGA-NPs in BHK cells. Lane 
1: protein marker; Lane 2: the naked plasmid DNA groups; Lane 3: the plasmid DNA from pFNDV-PLGA-NPs transfected group; Lane 4: blank PLGA-NPs 
group; Lane 5: BHK cells group as the negative control; (B) In vitro expression of the pFNDV-CS-NPs in 293T cells. Lane 1: pFNDV-CS-NPs transfected 
group; Lane 2: naked plasmid DNA groups; M: Protein marker; Lane 3: 293T cells as the negative control; Lane 4: blank CS-NP group; (C) Detection of the 
NDV structural proteins after encapsulation by western blot. M: Protein marker; Lane 1: Original NDV fluid; Lane 2: NDV recovered from the NDV-CS-NPs. 
Four positive reaction bands were detected at 75 kDa (HN), 54 kDa (F), 45 kDa (P), and 41 kDa (M). Abbreviations: CS, chitosan; NDV, Newcastle disease 
virus; pFNDV-PLGA-NPs, the F gene of Newcastle disease virus encapsulated in PLGA nanoparticles; pFNDV-CS-NPs, Newcastle disease virus F gene 
encapsulated in chitosan nanoparticles; HN, hemagglutinin-neuraminidase protein; F, fusionprotein; P, phosphoprotein; M, matrix protein.
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immune system.19 As the first line of 
defense against Newcastle disease virus 
(NDV) infection, mucosal immune 
has a large epithelial surface with 
highly vascularized mucosa facilitating 
absorption and ready accessibility.20 
We have already made contributions to 
developed a novel mucosal delivery system 
to enhance mucosal immune responses 
and protect chickens against ND.

The NDV vaccines encapsulated in 
chitosan and PLGA nanoparticles we 
prepared which induced better immune 
responses compared with the naked 
plasmid DNA vaccines. Wei Li et al.13 used 
the method of double emulsion-solvent 
evaporation to prepare PLGA-plasmid 
DNA nanoparticles (pFNDV-PLGA-
NPs) with the advantage of sustained 
release effect and perfect immune effect. 
Zhang et  al.21 prepared F gene plasmid 
DNA of NDV encapsulated in chitosan 
nanoparticles (pFNDV-CS-NPs) based 
on complex coacervation. Gang Chen 
et  al.14 also did interrelated work and 
prepared novel mucosal delivery system 
as chitosan nanoparticles containing 
the lentogenic live-virus vaccine (NDV-
CS-NPs) using ionic cross linking 
method. These nanoparticles were all in 
perfect characterization of spherical and 
polydisperse nature. TEM results (Fig. 1) 
showed that the prepared nanoparticles 
had a good dispersion with regular 
round shape and did not have adhesion 
or subsidence damage in morphology. 

The average diameter was 433.5 ± 7.5nm, 
199.5 nm and 371.1 nm for pFNDV-
PLGA-NPs, pFNDV-CS-NPs and NDV-
CS-NPs, respectively. The Zeta potential 
of these nanoparticles was +2.7 mV, 
+12.11 mV and +2.84 mV, respectively, 
which is high enough to combine plasmid 
DNA better22 and these nanoparticles 
are electrically stable. Then the western 
blotting analysis (Fig. 2) was performed as 
previously described23 to detect the NDV 
structural proteins after encapsulation. 
The antigen expression (Fig.  2A and 
2B) indicated that the plasmid DNA 
encapsulated in chitosan nanoparticles 
and the naked plasmid DNA could express 
the expected 58 kDa antigen, but blank 
nanoparticles and the cell control group 
had no expressed antigen. Figure  2C 
indicated that after encapsulation four 
NDV structural proteins (HN, F, P, and 
M) were still detected in NDV-CS-NPs, 
indicating that the ionic cross linking 
process of preparing NDV-CS-NPs had 
no significant effect on NDV proteins. 
The above results proved that the antigen 
unchanged after the production of the 
nanoparticles and also can express in vivo.

Figure  3 showed the IgG antibody 
levels after immunization .The chickens 
immunized with pFNDV-PLGA-
NPs produced a higher level of IgG 
compared with the naked plasmid DNA 
immunization group (Fig.  3A), and the 
IgG antibody titers which the chickens 
immunized with pFNDV-CS-NPs 

(Fig.  3B) and NDV-CS-NPs (Fig.  3C) 
also significantly different from the other 
immunization groups. Furthermore, the 
nanoparticles maintained the higher level 
antibody for a long time. The safety of the 
nanoparticles was also tested by in vitro 
cytotoxicological analysis and in vivo 
immunization in chickens. The safety 
assay results showed that the nanoparticles 
were safe for using and there were no 
nervous signs in immunization chickens, 
showing a high level of safety in chickens

Conclusions and Perspectives

Over the years, the worldwide epidemic 
disease ND not only injured public health 
seriously, but also affected economic 
development of poultry farming. Thus, 
the newly drug delivery systems were 
developed to enhance the ability of 
vaccines. Chitosan and PLGA based 
on their advantage of biocompatibility, 
biodegradability, and low toxicity have 
become the excellent gene and drugs 
delivery carriers.

In our studies, we had shown that the 
chitosan and PLGA nano-drug delivery 
systems are effective to encapsulate gene, 
protect antigen from degradation, and 
induce mucosal immune response. These 
nanoparticles have the advantages of live 
vaccines and inactivated vaccines, while 
compensating for their defects. The 
induction of significant mucosal immune 

Figure 3. IgG antibody titers in immune SPF chickens. (A) IgG antibody titers in serum of SPF chickens immunized with PBS (IM), blank PLGA-NPs (IM), 
blank PLGA-NPs (IN), and the naked plasmid DNA (IM), pFNDV-PLGA-NPs (IM), pFNDV-PLGA-NPs (IN) or pFNDV-PLGA-NPs (IM/IN); (B) IgG antibody titers 
in serum of SPF chickens immunized with PBS (IM), blank CS-NP (IM), blank CS-NP (IN), and the naked plasmid DNA (IM), pFNDV-CS-NPs (IM), pFNDV-
CS-NPs (IN); (C) IgG antibody titers in serum of SPF chickens immunized with NDV-CS-NPs orally, NDV-CS-NPs intranasally, LaSota live vaccine intrana-
sally, inactivated NDV vaccines, blank CS-NPs control, and physiological saline by oral route. Abbreviations: CS, chitosan; NDV, Newcastle disease virus; 
IM, intramuscularly; IN, intranasally; PBS, phosphate buffered saline; pFNDV-PLGA-NPs, the F gene of Newcastle disease virus encapsulated in PLGA 
nanoparticles; pFNDV-CS-NPs, Newcastle disease virus F gene encapsulated in chitosan nanoparticles; HN, hemagglutinin-neuraminidase protein; F, 
fusionprotein; P, phosphoprotein; M, matrix protein.
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responses after administration in chickens 
showed a range of potential applications. 
More studies need to be conducted to 
further optimize these chitosan and 
PLGA nanoparticles for use in commercial 
applications.

Alternatively, our studies could be 
a potent new research field in human 
vaccines. In recent years, the new types 
of bird flu appeared in China and made 
people panicky. We considered use the 
bio-materials to prepare the nanoparticles 
that coated the antigen of bird flu virus 
to control the epidemic disease. However, 
further studies need to be conducted to 
expand the nano-particles muscle drug 
delivery in human vaccines.
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