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Abstract 

Liposomal-NDV vaccine intranasal administration to chicken can induce specific-NDV 

antibody at mucosal and serum. The adjuvant effect of multi-lamellar vehicles (MLVs) 

liposomes formulated with three phospholipids including 

phosphatidylcholine-liposomes (PC-Lip), phosphatidylserine-liposomes (PS-Lip), and 

stearylamine-liposomes (SA-Lip) was compared with that for virus alone using the 

inactivated Newcastle disease virus (NDV) as model antigen. PC-Lip and PS-Lip 

induced more NDV antibody titer after secondary immunizations. In response to 

virulent viral challenge, all control animals died, whereas 80~90% of animals which 

still survived. Added LPS with liposomal-NDV vaccine which enhanced chickens 

produced antibody in serum and nasal/tracheal lavages. Furthermore, we combined 

tremella with liposomal-NDV vaccine to enhance the muco-adhesive property and 

prolong liposomes on the mucosal surface. Chickens received T-PC-Lip resulted in a 

significant increase in HI titer also elicited a significant mucosal secretary 

immunoglobulin A (s-IgA) response in tracheal lavages and a serum IgG response. 

After virulent virus challenge, the protection rate of T-PC-Lip vaccine showed 100% 

survival rate. The molecular mechanism of liposomal-adjuvant was study both in vitro 

and in vivo. Confocal laser scan microscopy showed that PC-Lip were uptaken into 

chicken spleen macrophages. PC-Lip and PS-Lip stimulated chickens spleen 
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macrophages produce NO. In response to PC-Lip stimulated, Bay 11-7085 and U0126 

inhibited macrophages produced NO. PC-Lip was shown to be involved in both 

activation of NF-κB and upstream ERK of MEK pathway. Moreover, PC-Lip and 

T-PC-Lip were shown to be activated ERK pathway in vovo. In conclusion, T-PC-Lip is 

an active adjuvant for chickens resulting in trigger Th1 pathway of cellular immunity 

and Th2 pathway of humoral immunity. 

 

Keyword: liposome, adjuvant, mucosal, NDV, nitric oxide, mucoadhesive, Tremella 
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1.1  

[1]

(Highly pathogenic 

avian influenza, HPAI) (Newcastle disease virus, NDV)

[2,3]  

 

(Mucosal-associated lymphatic tissue, MALT)

(Nasopharynx-associated lymphatic tissue, 

NALT)[4] (Brancheal-associated lymphatic tissue, 

BALT)[5,6] (Gut-associated lymphatic tissue, GALT)[7-9]

(Head-associated lymphoid tissue, HALT)[10]

(Lymphoid cell)[11]

(Lymphoepithelium) [12] (Follicle-associated epithelium, FAE) 

[13]

M (Microflod cell) M

M (Peyer’s patches, 

PP) (Antigen presenting cells, 

APCs) (Macrophages) (Dendritic cells, DCs)

T

B B (Plasma 

cell) IgM (class switch) IgA IgG



 
 

2 
 

[14-17]  

 

1.2  

(live viral)

(Newcastle disease, ND) Hichner type B Hichner type LaSota strian Hichner 

type Avinum strian … [18]

(Infectious bronchitis, IB) H120 ND B1 LaSota

[19,20] (Infectious bursal disease, 

IBD) [21] (infectious 

laryngotracheitis, ILT) [22,23]

1. 90% 2. (humoral 

immunity) (cell-mediated immunity) [18]

[24]

(killed virus)

[25]

1.

80% 2. 3. [26] 4. 

(adjuvant)



 
 

3 
 

 

 

1.3  

 

(subunit antigen) (peptide antigen)

(polynucleotide antigen) (safety)

(effective)

 

 

(Adjuvant) adjuvare [27]

1916

Moignie Pinoy [28] 1924 1926 Ramon

(diphtheria toxoid)

[28] 1926 80 Glenny et 

al. [17] ( )

(US Food & Drug Administration)

MF59( )

Fluad AS03( ) H5N1

Prepandrix AS04 MPL(monophosphoryl lipid A)

HBV HPV Fendrix Cervarix [29]

Specol Montanide® 

ISA Norvax-IPNV
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1. 2. 3.

4. 5. 6. [30]

1. 2. 3.

4. [31]  

 

 

[31] (invasion) (non- 

invasion) 1. (subcutaneous injection) 2.

(intramuscular injection) 3. (puncture) 1. (oral)

2. (intraocular) 3. (intranasal) 4. 5.

MF59

MF59 H5N3

MF59 [32,33]  

 

 

[34]

…
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… (

ISCOM ) ( C

E) (

CT-B monophosphoryl lipid A (MPL) CpG motif

Tetanus toxoid Diphetheria toxoid

Pseudomonas exotoxin)

(innate immunity) (Pathogen associated 

molecular patterns, PAMP) (pattern recognition 

receptors) (Toll-like receptor, TLR) (mannose, 

mannan) Toll-like receptor 2[35] polyinosinic-polycytidylic acid

RNA(dsRNA) TLR3[36] (lipopolysaccharide, 

LPS) Toll-like receptor 4[37] (flagellin) Toll-like receptor 

5[38] RNA(ssRNA) TLR7 TLR8[39,40] CpG DNA

TLR9[40] (adaptive immunity)

(cytokines) (chemokines)

(granulocytemacrophage colony stimulating factor, 

GM-CSF)[41] 12(interlukin 12, IL-12) [42]

(Water-in-oil) [43,44]

[45] (microparticles)[46] (liposomes)[47]

(Immune stimulate complex, ISCOM)[48] (Virus-like particles, 

virosome)[49]  

 

 

(immunogenicity)

(depot effect)
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[50] 0 (Signal 0)

(epitope) 1 (Signal 1) 2 (Signal 2) 

[51] 2 T

[52,53]  

 

1.4  

B isotype

…. [54]

 

Peyer’s patches M

IgA

O’Hagan

A.Osterhaus G.Rimmelzwaan S.Michalek N.Childers  

 

1.5  

 

Liposome fat body
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1965 Bangham

multilamellar structure

[55] 1968 Sessa Weissman Liposome

(self-closing) [56]

(hydrophilic)

(hydrophobic)

(biocompatibility)

(biodegradable) 1972

[57] 1995 [58]  

 

 

number of lamellae (size)

( multilamellar vesicles, MLVs)

1μm

(Large unilamellar vesicles, LUVs)

1000 nm ( Intermediated unilamellar vesicles, IUVs)

100 nm

( Small unilamellar vesicles, SUVs)

MLVs LUVs IUVs 25~100 nm

(Glyceroglycolipid) (galactopyranoside)

(Sphingophospholipid) (sphingomyelin)  

(Sphingoglycolipid) (ceramide galactopyranoside)
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 (Glycerophospholipid) (Lecithin)

Negatively charged

( Phosphotidylserine, PS) ( Phosphotidylglycerol, PG)

(Phosphotidylinositol, PI) Positively charged

(Stearylamine, SA) Natural charge  

(Phosphotidylcholine, PC) (Phosphotidylethanolamine, PE)

 

 

 

1984 [59,60]

Reticuloendothlial System, RES Antigen Presenting Cell, 

APC Macrophage

( ) Alving

1991  Gregoriadis 1990,1992 1995

[59-62]

( )

 

 

 

[63]

(Oral) (Nasal)
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Streptococcus mutans

[64,65] Streptococcus mutans

IgA [66,67]

Lipid A (MLV)

IgA [68,69]

( ) El Guink

1989

IgA

[70] 1995 de Haan

IgA

[71] de Haan

[72]  

 

 

(antigen-presenting cells, APCs)

(macrophages) (dendritic cells, DCs)

(innate immune response)

(adaptive immune response)

T

(nitric oxide, NO) [73,74] NO NO

 p38 mitogen-activated protein kinase 

(p38-MAPK) extracellular signal-related kinase 1/2 (ERK1/2) c-Jun N-terminal kinase 

(JNK) phophatidylinositol 3-kinase (PI3K)  nuclear 
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factor kappa B (NF-κB)

co-stimulatory molecules typeΙinterferon chemokines cytokines[75]  

 

1.6  

 

 (Lipopolysaccharide; LPS)  (endotoxin) 

LPS 1956 [76] LPS 

outer-polysaccharide

O (O-specific chain)

 LPS core-polysaccharide (core region) 

 O-specific chain  lipid A LPS

pH 

TNF IL-1 IL-6 IL-8 LPS Macrophages Neutrophils

(macrophage) (mononuclear phagocyte)

cytokines (ex TNF, IL) cytokine 

endotoxemia 

 LPS  T 

 ( : 

)  LPS 

 Th  B  LPS 

 B  
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 Tremella fuciformis (TF)  

[77]

β-glucan [78,79]  

 

 

(Xanthan gum (XG)) Xanthomonas campestris

(mannose) (glucose) (glucuronic acid)

β-1,4

(carboxyl group) (pyruvic acid)

[80]  

 

1.7  

 

(Newcastle disease virus, NDV) 1926

[1]

(Paramyxovirus, PMV) 1956

PMV

PMV-1~PMV-9 RNA

150-300 nm [81]  
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1. 

 

2. 

 

3. LPS TLR4

LPS

 

4. 

 

5. 
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3.1  

9-11 Specific Pathogen Free (SPF) 4 SPF

(white leghorn chickens)

 

 

3.2  

(1)  

(La Sota strain) 109.8 EID50 /mL

 

(2)  

(Sato strain) 1000 MLD  

 

3.3  

3.3.1  

1,2-di-O-palmitoyl-sn-glycero-3-phosphocholine (DPPC), 

1,2-di-palmitoyl-sn-glycero-3- phospho-L-serine (DPPS) Avanti Polar Lipid 

(USA), Epikuron 200SH Phosphophatidylcholine (PC) Degussa BioActives 

(Hamburg, Germany) Stearylamine (SA) 3β-Hydroxy-5-cholestene (Cholesterol)

Carbonate-Bicarbonate Tween 20 Chloroform Tris-NaCl Tris NaCl H2SO4

Bovine Serum Albumin (BSA) 1,1′-dioctadecyl-3, 3, 3′, 

3′-tetramethylindocarbocyanine perchlorate (DiI) PBS LPS (Escherichia coli 
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0127:B8) Xanthan gum  DEPC water Isopropanol BCIP/NBT

Sigma-Alderich (St. Louis, MO) 3,3’,5,5’’-tetramethyl benzidine (TMB) Protease 

inhibitor cocktail Phospotase inhibitor cocktail Taq enzyme dNTP SYBR green

Bionovas Biotechnology (USA) p38 MAPK inhibitor (SB-203580) MAPK 

kinase (MEK) inhibitor (U-0126) IκB phosphorylation inhibitor (Bay 11-7085) 

Biomol (Plymouth, PA, USA) BCA Kit Pierce Biotechnology (Thermo 

Scientific, USA) Agarose MTS Promega  (USA) High Capacity cDNA 

Reverse Transcription kit Applied Biosystems (USA) Ficoll-Paque 

Amersham Pharmacia Biotech (USA) RPMI-1640 RPMI-1640 W/O phenol red PS

Trypsin-EDTA FBS FCS Gibco (USA)  

 

Primer MB Mission Biotech (Taiwan)  

Sato HN  

forward 5’-GTA CCC TCC AAT CCC AAA CT-3’ 

reverse 5’-TCC GGA TCT GGT AAT CTT GC-3’ 

 

Chicken GAPDH  

forward 5’-GGC CGC CTG GTC ACC AGG GCT GCC-3’ 

reverse 5’-GGA GGA GTG GGG GAG ACA GAA GGG-3’ 

 

3.3.2  

(1) Goat anti-chicken IgG conjugated HRP Bethyl Laboratories (USA)  

(2) Goat anti-chicken IgA conjugated HRP Bethyl Laboratories (USA)  

(3) Goat anti-chicken IgM conjugated HRP Bethyl Laboratories (USA)  

(4) Mouse anti-chicken antibody (CVI-ChNL-68.1) Prionics AG (USA) 
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(5) Goat anti-mouse IgG-FITC Invitrogen (USA)  

(6) Beta-actin mouse monoclonal IgG1 Santa Cruz Biotechnology (USA) 

(7) p-p-38 MAPK rabbit polyclonal IgG Santa Cruz Biotechnology (USA) 

(8) p-ERK mouse monoclonal IgG2a Santa Cruz Biotechnology (USA) 

(9) NF-kappa B p-50 rabbit polyclonal IgG Santa Cruz Biotechnology (USA) 

(10) NF-kappa B p-65 rabbit polyclonal IgG Santa Cruz Biotechnology (USA) 

(11) Goat anti-mouse IgG-AP Santa Cruz Biotechnology (USA) 

(12) Goat anti-rabbit IgG-AP Santa Cruz Biotechnology (USA) 

 

3.3.3  

(1) Maxisorp ELISA Immuno plate 96 Nunc (USA) 

(2) U 96 Greiner (Germany) 

(3) 96 24 6 Nunc (USA) 

(4) 96 Greiner (Germany) 

(5) PVDF Membrane 

(6) PC membrane 

 

3.4  

3.4.1  

(1) 20mM, DPPC Cholesterol 4 1 

(2) 20mM, DPPC DPPS Cholesterol 3 1 1 

(3) 20mM, DPPC SA Cholesterol 3 1 1 
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3.4.2  

(1) chloroform  

(2) 55 1

 

(3) NDV  

(4)  

(5)  

 

3.4.3  

(1)  

I. 4mL  

II. BIC 90 PLUS  

III. ( )  

IV. 10  

 

(2)  

I. BIC 90 PLUS  

II. …  

III. 10  

 

(3)  

I. 100,000g 1 4  

II.  

III. (OD 280nm)  
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IV.  

 

3.4.4  

(1) (pan)  

    

(2) DSC 20  

(3) (scanning rate)   

   (scanning range)  

(4)    

    

(5)  

 

3.4.5  

 

(1) 20mM,  DPPC Cholesterol DiI 4 1 0.04 

(2) 20mM,  DPPC DPPS Cholesterol DiI 3 1 1 0.04 

(3) 20mM,  DPPC SA Cholesterol DiI 3 1 1 0.04 

 

 

(1) (DiI) chloroform

 

(2) 55 1

 

(3) PBS  



 
 

19 
 

(4)  

(5)  

 

3.4.6  

1 mL LPS (250 μg/mL) 3.4 

0.6 mL  

 

3.4.7  

1 mL 1% Tremella  1mL 0.2% Xanthan gum 3.4 

1 mL  

 

3.5  

(1)  

NDV HI 2  

 

 PBS 

  

 

   

Con 30 μL — — — — — — 

NDV — 30 μL — — — √ — 

NDV — — 60 μL — √ √ √ 

PC-Lip — 30 μL — — — √ — 

PC-Lip — — 30 μL — — √ — 

PC-Lip — — 60 μL — √ √ √ 

PC-Lip — — 120 μL — √ — — 

PS-Lip — 30 μL — — — √ — 
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PS-Lip — — 60 μL — √ √ √ 

SA-Lip — 30 μL — — — √ — 

SA-Lip — — 60 μL — √ √ — 

NDV-LPS — — 60 μL 100 μL √ √ √ 

PC-Lip-LPS — — 60 μL 100 μL √ √ √ 

PS-Lip-LPS — — 60 μL 100 μL √ √ √ 

SA-Lip-LPS — — 60 μL 100 μL √ √ — 

NDV — — 100 μL — — √ — 

PC-Lip — — 100 μL — — √ — 

Tremella-PC-Lip — — 100 μL 100 μL — √ — 

Xanthan-gum-PC-Lip — — 100 μL 100 μL — √ — 

 

(2)  

 

 

(3)  

 

3.5 mL 2500 rpm 30

56 30 -20

 

 

(4)  
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4 mL 1 mM 

PBS 0.1% BSA -20

 

 

3.6  

(1)  (HI test) 

U 96 50 μL 0.85%

50 μL U 96 2 4HAU

NDV 50 μL 96 60 50 μL 1% RBC (red blood 

cell) 96 60  

 

(2)  (ELISA) 

 

I. NDV coating buffer 1:1000 50uL  96 4

 

II. 96 wash buffer

3 96  

III. 50 μL blocking buffer 30 wash buffer

5 96  

IV. 96 50 μL 1  

sample conjugate buffer  

 

V. 96 wash buffer

4 96  

VI. 96 50 μL 1  



 
 

22 
 

VII. 96 wash buffer

4 96  

VIII. 50 μL TMB 30  

IX. 50 μL 2M H2SO4 

X. OD 450 nm /  

 

3.7  

(1)  

7 6 300 μL (1x101.0-7.0 EID50/mL)

Sato 1 1 MLD  

 

(2)  

14 1000 MLD Sato

14  

 

3.8  

(1) PBS  

(2) 5 mL Ficoll-Paque 30  

(3)  

(4) PBS 3  

(5) RPMI-1640  

(6) Trypen blue  

 

3.9  
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(1) 104cells/mL

41  5% CO2  

(2) FBS/FCS RPMI-1640 41  5% 

CO2  

(3) 10 μL 3.4.5 24 41  5% 

CO2  

(4) PBS 

(5) PBS PBS 0.5% paraformaldehye 15  

(6) 0.5% paraformaldehye PBS  

(7) 3% BSA/PBS CVI-ChNL-68.1 1 4  

(8) PBS  

(9) 3% BSA/PBS Goat anti-mouse IgG-FITC 1  

(10)  Leica TCS SP5 Confocal Spectral Microscope Imaging System

/  

 

3.10 RT-PCR  

(1) 

 -80   

(2) 50g 1mL TRIzol

 

(3) 200 uL Chloroform 12000 rpm 30  

(4) 500 uL isopropanol 12000 rpm

30 4  

(5) 75% 7500 rpm 15 4  

(6) DEPC  
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(7) 260/280 nm RNA  

(8) 2 μg/μL total RNA ABI reverse transcriptase kit 37 2  

(9) 3 μL cDNA Sato primer Taq dNTP 95 62  

30  

(10) 10 μL PCR 2% ( SYBR green) 30  

(11) UV PCR  

 

3.11  

(1) 104cells/mL

96 well 41  5% CO2  

(2) 10%FBS/5%FCS RPMI-1640 41  

5% CO2  

(3) 100 μL 100 uL 10 uL

24 41  5% CO2  

(4) well 20 μL MTS 4 41  5% CO2  

(5) 490 nm /  

 

3.12 NO 

(1) 106cells/mL

24 well 41  5% CO2  

(2) 10%FBS/5%FCS RPMI-1640 41  

5% CO2  

(3) 1.2 mL 700 μL 10%FBS/5%FCS non phenol red 

RPMI-1640 p38 MAPK inhibitor (SB-203580) MAPK kinase 



 
 

25 
 

(MEK) inhibitor (U-0126) IκB phosphorylation inhibitor (Bay 11-7085) 41  

5% CO2 1  

(4) 1 μL,5 μL,10 μL 24 41

 5% CO2  

(5) 50 μL 96 well Greiss reagent (1% sulfanilamide 

 50 μL  0.1% naphthylenediamine ( 2.5% phosphoric acid solution)) 

(6) 570 nm /  

 

3.13  

(1) 2 -80

 

(2) RIPA buffer ( protease inhibitor 

cocktail/phospotase inhibitor cocktail) 10  

(3) 4 30 -20  

(4) BCA Kit  

(5) 30 μg SDS-PAGE 

(6) SDS-PAGE PVDF Membrane 

(7) PVDF Membrane 3% BSA-PBST blocking solution 30  

(8) PBST PVDF Membrane 3 10  

(9) PBST 1000 Beta-actin p-p-38 MAPK p-ERK

NF-kappa B p-50 NF-kappa B p-65 4  

(10) PBST PVDF Membrane 3 10  

(11) PBST 5000 Goat anti-mouse IgG-AP Goat anti-rabbit 

IgG-AP 1  

(12) PBST PVDF Membrane 3 10  
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(13) BCIP/NBT
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( )  

(1)  

(MLV)

1030-1223 nm

PC-Lip 20.58% PS-Lip 2.57% SA-Lip

43.26% ( )  

 

(2)  

PC-Lip -17.70 mV PS-Lip

-51.79 mV SA-Lip 33.52 mV

(DSC) PC-Lip

43.0  PS-Lip 62.0 SA-Lip 58.0 ( )  

 

( )  

30 μL( NDV ) 30 μL( EPC-Lip )

PBS 30 μL( Control )

(ELISA)
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s-IgA IgG

(EPC-Lip )

( )  

 

( )  

30 μL( NDV ) 30 μL( EPC-Lip )

30 μL( PS-Lip )

30 μL( SA-Lip ) PBS 30 μL( Control )

(ELISA) s-IgA

EPC-Lip (p<0.05) PS-Lip ( ) (

) IgG EPC-Lip (p<0.05) PS-Lip (

) ( )  

 

( )  

(1)  

30 μL( Live NDV ) 30 μL(

Liposomal-inactivated NDV )

(ELISA)

s-IgA Liposomal-inactivated NDV

s-IgA Live NDV s-IgA

Liposomal-inactivated NDV
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Liposomal-inactivated NDV

(

)  

 

(2)  

60 μL( Virus alone ) 60 μL( Lip PC-ND ) 30 

uL( Low dose Lip PC-ND ) 120 μL( High dose Lip PC-ND ) PBS 30 

μL( Control )

(ELISA) s-IgA 60 uL(

Lip PC-ND ) (p<0.01) 120 μL( High dose Lip PC-ND ) 

(p<0.05 Control ) Virus alone s-IgA

( )

60 μL

 

 

( )  

(1)  

(60 

μL) Virus alone  PC-Lip

PS-Lip SA-Lip PBS 30 μL( Control )

(ELISA)



 
 

30 
 

s-IgA

s-IgA

PC-Lip PS-Lip SA-Lip (p<0.05) Virus alone

PC-Lip (p<0.01) ( A)  

 

(2)  

(ELISA) anti-NDV 

IgG

IgG PC-Lip

(p<0.05) Virus alone PS-Lip SA-Lip

PS-Lip SA-Lip

PC-Lip (p<0.01) ( B)  

 

( )  

(1)  

24

LPS

LPS

LPS IgA IgG IgM

( )  
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(2)  

( ) ( ) ( )

(60 μL)

Virus alone  PC-Lip PS-Lip SA-Lip

(160 μL 60 μL LPS 100μL)

LPS Virus-LPS  

PC-Lip-LPS PS-Lip-LPS SA-Lip-LPS PBS 30μL ( Control

)

(ELISA)

s-IgA s-IgA

PC-Lip-LPS

PC-Lip (p<0.01) LPS

( )  

 

(3)  

(ELISA) Anti-NDV 

IgG PC-Lip

(p<0.05) PC-Lip-LPS(p<0.05) SA-LPS ( )  

 

( )  

(1)  

( ) ( ) ( )

(60 μL)
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Virus alone  PC-Lip PS-Lip SA-Lip (160 μL

60 μL LPS 100 μL)

LPS Virus-LPS  PC-Lip-LPS PS-Lip-LPS

SA-Lip-LPS PBS 30 μL ( Control )

PC-Lip

PC-Lip-LPS 640 PS-Lip

40 PS-Lip-LPS

20 Virus alone Virus-LPS

10 SA-Lip SA-Lip-LPS

8

PS-Lip-LPS 2560

PC-Lip PC-Lip-LPS PS-Lip

1280 SA-Lip SA-Lip-LPS

PC-Lip PC-Lip-LPS PS-Lip

PS-Lip-LPS 10240

Virus alone Virus-LPS 10 SA SA-Lip

 

 

(2)  

PC-Lip 32
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PC-Lip-LPS 16

PC-Lip

PC-Lip-LPS 64

PS-Lip PS-Lip-LPS 32 SA-Lip

SA-Lip-LPS

PC-Lip PC-Lip-LPS 256

PS-Lip PS-Lip-LPS Virus alone Virus-LPS

32 SA SA-Lip  

 

( )  

(1)  

( )1,000MLD

( )1,000MLD  

 

( ) 1×107.0 EID50/mL 1×101.0 

EID50/mL 300 μl 1×104.0 

EID50/mL 50 %( ) 300 μl

( ) 1 MLD 1×104.0 EID50/mL

3-7 1,000 MLD

( ) 300 μL (1×107.0 EID50/mL)    
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(2)  

60 μL ( Virus alone ) 60 μL ( Lip PC-ND )

30 μL ( Low dose Lip PC-ND ) 120 μL ( High dose Lip PC-ND )

PBS 30 μL ( Control ) 1,000 

MLD ( ) 300 μL (1×107.0 EID50/mL)

60 μL ( Lip PC-ND ) 80%

120 μL ( High dose Lip PC-ND ) 50% 30 μL ( Low 

dose Lip PC-ND ) 20% 60 μL ( Virus alone ) 10%

PBS 30μL ( Control ) ( )  

 

(3)  

( ) ( ) ( )

(60 μL)

Virus alone  PC-Lip PS-Lip SA-Lip

(160 μL 60 μL LPS 100 μL)

LPS Virus-LPS  

PC-Lip-LPS PS-Lip-LPS SA-Lip-LPS PBS 30 μL ( Control

)

300 μL (1×107.0 EID50/mL)

PC-Lip 80 %

PC-Lip-LPS 40% 30 %

Virus alone 10%
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PC-Lip 90 % PC-Lip-LPS PS-Lip PS-Lip-LPS

80% Virus alone Virus-LPS SA-Lip-LPS 40%

PC-Lip PC-Lip-LPS PS-Lip-LPS

100 % ( )  

 

( )  

41  0.09 s-1 

500~600 cp 200~300 cp

( )  

 

( )  

(1)  

100 μL ( NDV alone ) 100 μL ( Lip-PC-NDV )

200 μL ( T+Lip-PC-NDV ) 200 μL ( XG+Lip-PC-NDV ) PBS 30 μL 

( Control )

(ELISA)

s-IgA T+Lip-PC-NDV Anti-NDV s-IgA

(p<0.01) Lip-PC-NDV XG+Lip-PC-NDV NDV 

alone (p<0.05)( )  

 

(2)  

(ELISA) T+Lip-PC-NDV (p<0.01)
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XG+Lip-PC-NDV ( )  

 

(3)  

256

T+Lip-PC-NDV 64 XG+Lip-PC-NDV PC-Lip-NDV Virus 

alone ( )  

 

(4)  

300 μL (1×107.0 EID50/mL)

6.5

8.5 Virus alone PC-Lip XG-PC-Lip 7

T-PC-Lip 100 % Lip-PC-NDV

XG+Lip-PC-NDV NDV alone 60 % ( )  

 

(5)  

Sato Sato RNA RT-PCR

T-PC-Lip  

RNA Virus alone

PC-Lip XG-PC-Lip RNA PCR RNA

( )  
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( )  

(1)  

41 5% CO2

24  Leica TCS SP5 Confocal Spectral 

Microscope Imaging System /

PC-Lip

SA-Lip PS-Lip  

 

(2)  

24 MTS (

)

 

 

(3)  

NO

24 Greiss reagent NO

NO NO 6.09±4.7 uM 

(p<0.05) NO

NO

( )  

 

24

NO PS-Lip

NO(* p<0.05 **p<0.01 ) PC-Lip NO
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5 μL PC-Lip NO(# p<0.05) SA-Lip

NO ( )  

 

U0126 MAPK kinase 

(MEK) SB-203580 p-38 MAPK Bay 11-7085 IκB

U0126 MAPK MEK1/2

ERK U0126 U0126 LPS (1 μg/mL 10 

μg/mL) NO U0126 NO ( ) SB-203580

pyridinyl imidazoles p38-MAPK SB-203580 (1 μM

5 μM) NO SB-203580 LPS NO

( ) NF-κB

NF-κB IκB

IκB NF-κB

Bay 11-7085 IκB NF-κB

Bay 11-7085 NO Bay 11-7085

LPS NO( )  

 

24

NF-κB MEK  

 

(4)  

60 % T-PC-Lip 100 %

NO

NO
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p-38 MAPK p-ERK p-NF-κB

p-38 MAPK p-NF-κB p-ERK

T-PC-Lip Virus alone PC-Lip XG-PC-Lip

p-ERK ( )  
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(Live NDV) (Inactivated NDV)

(anti-NDV s-IgA anti-NDV IgG)

M

[82-84]

 

 

(adjuvanticity) (immunogenicity)

(physicochemical)

[85]

(Thin-film hydration methods)

(MLVs) 1 μm 1~3 μm
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( )

[86] (electrostatic interactions)

[87,88] PS

(receptor) [89]

SA EPC

PS

 

 

 

[90] [91-93]

(mucosal tolerance)

(angery)[94,95]

s-IgA

60 μL ( 6×107.8 EID50/mL)
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(humoral immunity) (cell-mediated 

immunity) s-IgA

(exogenous antigens) CD4+ T (T-helper 

cell) T

(cytokines)

(immune memory)

—

( Phosphotidylserine, PS)

(phosphatidyl serine receptor (PSR)) phosphatidyl-L-serine

[96] (apoptotic cells)

” ” [97-99]

 

 

[85]

D-L-a-distearoylphosphatidylcholine(DSPC, Tc)

[100,101]

DSPC (54 )[85]
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D-L-a-dipalmitoylphosphatidylcholine (DPPC, Tc 41 ) 

D-L-a-dimyristoylphosphatidylcholine (DMPC, Tc 23 ) egg lecithin ( 10 )

[102] Bakouche et al.(1986)[102] Raphael et al.(1984)[103]

PS

62 SA

58

DPPC 43

41±1 DPPC

(Haderian glands, HG)

(plasma cell) [104,105]  

 

 

(LPS) TLR4

B MHC classs II [106] LPS

LPS PC PS

(bovine serum albumin, BSA)

(ovalbumin) [107]
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[108]

LPS LPS

[109] LPS

LPS LPS

[110,111]  

 

 

PC

60 μL ( 6×107.8 EID50/mL) s-IgA

80 % PC-Lip PC-Lip-LPS PS-Lip PS-Lip-LPS

PC-Lip

640 32

80 % PC-Lip PS-Lip

PC-Lip PC-Lip-LPS

PC-Lip PC-Lip-LPS PS-Lip PS-Lip-LPS

1280-2560 32-64 80-90 %

PC-Lip PC-Lip-LPS PS-Lip PS-Lip-LPS

10240 PC-Lip PC-Lip-LPS 256

PC-Lip PC-Lip-LPS PS-Lip-LPS 100 %

[112-117]  
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[61,118,119]

 

 

(Tremella) (Xanthan gum)

/

100 % RNA

[120,121]

[121,122] Cheng et al.(1988)

Merake’s

[123]

[123] Fang et al.(1993)

[125] Tang et al. (1998)

T T

[126]  
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NO

NO PS-Lip NO

PS-Lip phosphatidyl-L-serine

phosphatidyl-D-serine[95] NO [75]

PS PA NO NO

NO Th2 IL-3  

 

PC

(U0126 MAPK kinase MEK SB-203580 p-38 MAPK

Bay 11-7085 IκB )

IκB NF-κB

MEK MEK ERK

NF-κB

T T

(antigenspecific T cells)

NDV T NDV  

 

T

p-38 MAPK

p-NF-κB p-ERK p-38 MAPK p-NF-κB

p-ERK

p-38 MAPK IL-12 T Th1
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p-ERK IL-10

IL-12 Th2 [76]  
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TLR4 LPS PC

PS — PC

100 % p-ERK

NF-κB NDV Th2
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Table 1  

The particle size, zeta potential, phase transition temperature, and encapsulation 

efficiency of various compositions of liposomal-vaccine.  

Liposome 
formulaa 

Particle  
size (nm)b 

Zeta  
potential  
(mV)b 

Encapsulate 
efficiency  
(%) 

Phase  
transition 
temperature (◦C) 

PC-Lip 1030.0(±56) -17.70(±1.9) 20.58(±1.9) 43.0±(0.2) 

PS-Lip 1188.0(±25) -51.79(±1.7) 2.57±(1.7) 62.0±(0.4) 

SA-Lip 1223.0(±53) 33.52(±3.2) 43.26±(2.0) 58.0±(0.2) 

aLipid concentration, 20 mM.  

bValues represent mean ± S.E.M. of n = 3 experiments. 
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Table 2 

Serum hemagglutination-inhibition (HAI) antibody titers against NDV after the 1st, 

2nd and 3rd vaccinations  

Vaccine 
formulationa 

GMTb 
1o vaccination  
HAI antibodies 
(n = 7) 

GMT 
2o vaccination  
HAI antibodies 
(n = 7) 

GMT 
3o vaccination  
HAI antibodies 
(n = 7) 

Control < 2±1 < 2±2 < 2±2 
Virus alone   10±4 40±2 10±4 
Virus-LPS 10±3 40±1 10±3 
PC- Lip 640±40 1280±38  10240±40 
PC- Lip-LPS 640±70 1280±24 10240±40 
PS -Lip 40±20 1280±40 10240±40 
PS -Lip-LPS 20±8 2560±80 10240±40 
SA -Lip 8±2.8 4±1  
SA -Lip-LPS 8±1 4±1.4  
aFormulations are described in Table 1. 

bTiters are expressed as geometric mean titer (GMT) 

Groups of 7 chickens were i.n.-immunized with inactivated NDV antigen with or 

without liposomal adjuvants, and equal aliquots of sera pooled from 7 chickens of each 

group. Each serum sample was assayed in triplicate, and expressed as geometric mean 

titer per group. The titer is the reciprocal of the highest antibody dilution inhibiting 4 

hemagglutination units (HAU) of virus. 
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Table 3 

Nasal hemagglutination-inhibition (HAI) antibody titers against NDV after the 1st, 

2nd and 3rd vaccinations  

Vaccine 
formulationa 

GMTb 
1o vaccination  
HAI antibodies 
(n = 7) 

GMT 
2o vaccination  
HAI antibodies 
(n = 7) 

GMT 
3o vaccination  
HAI antibodies 
(n = 7) 

Control < 2±1 < 2±2 < 2±2 
Virus alone   4±4 4±2 32±1 
Virus-LPS 8±3 8±1 32±1 
PC- Lip 32±4 64±8  256±1 
PC- Lip-LPS 16±7 64±24 256±1 
PS -Lip 8±2 32±4 32±1 
PS -Lip-LPS 8±4 32±8 32±1 
SA -Lip 3±2.8 2±1  
SA -Lip-LPS 8±1 2±1.4  
aFormulations are described in Table 1. 

bTiters are expressed as geometric mean titer (GMT) 

Groups of 7 chickens were i.n.-immunized with inactivated NDV antigen with or 

without liposomal adjuvants, and equal aliquots of sera pooled from 7 chickens of each 

group. Each serum sample was assayed in triplicate, and expressed as geometric mean 

titer per group. The titer is the reciprocal of the highest antibody dilution inhibiting 4 

hemagglutination units (HAU) of virus.  



 
 

67 
 

Table 4 

Chickens against virulent NDV Sato strain challenge survival rate after the 1st 

vaccination with different dose of vaccine 

Vaccine formulation 1o vaccination Survival rate (%) (n=10) 
Control 0 
Virus alone   10 
PC- Lip 80* 
Low dose-Lip PC-NDV 20 
High dose-Lip PC-NDV 50 

The percent survival of chickens immunized once with PC-Lip was significantly greater 

than all of the experiment groups and control group (p< 0.05). After secondary 

vaccinations, the chickens immunized with PC-Lip, PC-Lip-LPS, PS-Lip and 

PS-Lip-LPS showed significantly protection rate than the other experiment groups and 

control group after intranasal challenge (*denotes a significant difference to the other 

groups, p< 0.05). 
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 Table 5 

Chickens against virulent NDV Sato strain challenge survival rate after the 1st, 2nd 

and 3rd vaccinations  

Vaccine 
formulationa 

1o vaccination  
Survival rate (%) 
(n=10) 

2o vaccination  
Survival rate (%) 
(n=10) 

3o vaccination  
Survival rate (%) 
(n=10) 

Control 0 0 0 
Virus alone   10 40 60 
Virus-LPS 30 40 80 
PC- Lip 80* 90* 100* 
PC- Lip-LPS 40 80* 100* 
PS -Lip 30 80* 25 
PS -Lip-LPS 20 80* 100* 
SA -Lip 30 30  
SA -Lip-LPS 20 40  
aFormulations are described in Table 1. 

The percent survival of chickens immunized once with PC-Lip was significantly greater 

than all of the experiment groups and control group (p< 0.05). After secondary 

vaccinations, the chickens immunized with PC-Lip, PC-Lip-LPS, PS-Lip and 

PS-Lip-LPS showed significantly protection rate than the other experiment groups and 

control group after intranasal challenge (*denotes a significant difference to the other 

groups, p< 0.05). 
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Table 6.  

Viscosity of bioadhesive polysaccharide gels 

Polysaccharide Concentration 
 (%, w/v) 

Volume ratio 
polysaccharide/liposome 

Viscosity (cp) 

XG 
XG 
T 
T 

0.3 
0.2 
1.75        

1 

1:1 
1:1 
1:1 
1:1 

533.6(±1.8) 
250.0(±2.0) 
583.1(±2.3) 
250.0(±1.4) 

The viscosity of the polysaccharides was measured at 41°C. Results are expressed as the 

mean ± standard deviation of three independent experiments. 
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Table 7 

Serum hemagglutination-inhibition (HAI) antibody titers against NDV and 

survival rate after the 2nd vaccinations 

Vaccine 
formulation 

GMTa 
Secondary vaccination  
HAI antibodies 
(n = 8) 

Secondary vaccination  
Survival rate (%) 
(n=10) 

Control < 2±2 30 
Virus alone   64±2 60 
PC- Lip 64±38  60 
T-PC-Lip 256±2 100 
XG-PC-Lip 64±2 60 
aTiters are expressed as geometric mean titer (GMT) 

Groups of 8 chickens were i.n.-immunized with inactivated NDV antigen with or 

without liposomal adjuvants, and equal aliquots of sera from 8 chickens of each group. 

Each serum sample was assayed in triplicate, and expressed as geometric mean titer per 

group. The titer is the reciprocal of the highest antibody dilution inhibiting 4 

hemagglutination units (HAU) of virus. 

The percent survival of chickens immunized once with PC-Lip was significantly greater 

than all of the experiment groups and control group (p< 0.05). After secondary 

vaccinations, the chickens immunized with PC-Lip, PC-Lip-LPS, PS-Lip and 

PS-Lip-LPS showed significantly protection rate than the other experiment groups and 

control group after intranasal challenge (*denotes a significant difference to the other 

groups, p< 0.05). 
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Table 8 

Shedding of NDV challenge virus 

Group  Tracheal Lung Spleen  Liver  
Control ++++ ++++ ++++ ++++ 
Virus alone ++ ++ ++ ++ 
PC- Lip ++ ++ ++ ++ 
T-PC-Lip - + + + 
XG-PC-Lip ++ ++ ++ ++ 

The data are the birds that shed virus and survival after 14 days of the experiment of 

challenge study. NDV shedding was determined by RT-PCR of tracheal, lung, spleen 

and liver. Scores compared with Control group of chickens’ PCR products. 
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Figure 1 Antibody response 

ELISA titer of mucosal s-IgA and serum IgG after vaccinated with the liposomal 

vaccine. NDV antigen encapsulated in liposomes with different components was 

intranasally delivered. Chickens were boosted at weeks 0 and 2, and nasal wash was 

collected at week 4.  
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Figure 2. Nasal specific-NDV antibody  

ELISA titer of mucosal s-IgA after vaccinated with the liposomal vaccine. NDV antigen 

encapsulated in liposomes with different components was intranasally delivered. 

Chickens were boosted at weeks 0 and 2, and nasal wash was collected at week 4. Data 

are expressed as the mean 6 standard deviation of ten chickens. * p<0.05 compared to 

the NDV alone group. # p<0.01 compared to the SA-Lip group. 
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Figure 3. Serum specific-NDV antibody 

ELISA titers of serum IgG after vaccinated with the liposomal vaccine. NDV antigen 

encapsulated in liposomes with different components was intranasally delivered. 

Chickens were boosted at weeks 0 and 2, and blood was collected from a vein every 

week. Results are expressed as the mean 6 SE optical density of a 1:250 dilution of 

samples. Data are expressed as the mean 6 standard deviation of ten chickens. * p< 0.05 

compared to the NDV alone group, PS-Lip, and SA-Lip groups. 
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Figure 4. Antibody producining time 

ELISA titer of mucosal s-IgA after vaccinated with the liposomal vaccine or live NDV 

alone. Chickens were vaccinated at day 0 and nasal wash was collected and observered 

for 2 weeks.  
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Figure 5. Liposomal-NDV vaccine dose 

ELISA titer of mucosal s-IgA after vaccinated with different dose of liposomal vaccine. 

NDV antigen encapsulated in liposomes with different components was intranasally 

delivered. Chickens were boosted at weeks 0 and 2, and nasal wash was collected at 

week 4. * p<0.05 compared to the Virus alone group. # p<0.01 compared to the Virus 

alone group. 
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Figure 6 A.B.  Anti-NDV s-IgA levels in tracheal lavages and sera.  
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(A) tracheal lavages; (B) sera. Data are mean ± standard error of the mean (SEM); n = 

10. A significant difference between primary and secondary vaccination was observed 

(*P<0.05). Significant differences between chickens receiving inactivated NDV alone 

and those receiving liposomes vaccines was observed (#P<0.01). 
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Figure 7. LPS and Antibody producing  

ELISA titer of mucosal anti-NDV antibody after vaccinated with the liposomal vaccine 

with LPS. NDV antigen encapsulated in liposomes with different components was 

intranasally delivered. Chickens were vaccinated at weeks 0 and nasal wash was 

collected at week 2.  
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Figure 8. Specific-NDV antibody between primary and secondary immunization 

Antibody titers of tracheal lavage after primary vaccination (closed bar) and secondary 

vaccination (open bar) following intranasal immunization of chickens (n = 7/group) 

with inactivated Newcastle disease virus (NDV) as a free antigen, or in PC-Lip, 

PC-Lip-LPS, PS-Lip, PS-Lip-LPS, SA-Lip and SA-Lip-LPS. Optical densities (OD) 

were read at 450 nm, and results were expressed as the mean ± S.E.M. Bars sharing a 

letter were significantly different (p < 0.05). Minor case letters indicated a comparison 

between first and second vaccinations whereas a capital letter was for differences 

between treatment groups. 
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Figure 9. Specific-NDV serum antibody between primary and secondary 

immunization 

Serum antibody titers after primary vaccination (closed bar) and secondary vaccination 

(open bar) following intranasal immunization of chickens (n = 7/group) with inactivated 

NDV as a free antigen, or in PC-Lip, PC-Lip-LPS, PS-Lip, PS-Lip-LPS, SA-Lip and 

SA-Lip-LPS. Serum samples were diluted 1:125 and optical densities (OD) were read at 

450 nm. Each column represented the mean ± S.E.M. Bars sharing a letter were 

significantly different (p < 0.05). Minor case letters indicated a comparison was 

between first and second vaccinations while a capital letter was for differences between 

treatment groups. 
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Figure 10. Nasal challenge virus dose 

Intranasal route challenge with 100 EID50/mL~ 107 EID50/mL dose of Sato strain virus. 

Six birds for each dose of virus. 
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Figure 11. Nasal secreted antibody from immunized bioadhesive liposomal-vaccine  

ELISA titer of mucosal s-IgA after vaccinated with the adhesive polysaccharide 

liposomal vaccine. NDV antigen encapsulated in liposomes with different components 

was intranasally delivered. Chickens were boosted at weeks 0 and 2, and nasal wash 

was collected at week 4. Data are expressed as the mean standard deviation of eight 

chickens. * p<0.05 compared to the NDV alone group. **p<0.01 compared to the NDV 

alone group. 
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Figure 12. Serum antibody from immunized bioadhesive liposomal-vaccine 

ELISA titer of serum IgG after vaccinated with the adhesive polysaccharide liposomal 

vaccine. NDV antigen encapsulated in liposomes with different components was 

intranasally delivered. Chickens were boosted at weeks 0 and 2, and serum was 

collected at week 4. Data are expressed as the mean standard deviation of eight chickens. 

* p<0.05 compared to the NDV alone group. **p<0.01 compared to the NDV alone 

group. 
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Figure 13. CLSM of chicken macrophages. 

Macrophages (in green) (A) were incubated with 

phosphatidylcholine-1,1′-dioctadecyl-3,3,3′, 3′-tetramethylindocarbocyanine 

perchlorate-liposomes (PC-Di-I-Lip) (in red) (B), 

phosphatidylserine-1,1′-dioctadecyl-3,3,3′, 3′-tetramethylindocarbocyanine 

perchlorate-liposomes (PS-Di-I-Lip) (in red) (C), or stearylamine-1,1′-dioctadecyl-3,3,3′, 

3′-tetramethylindocarbocyanine perchlorate-liposomes (SA-Di-I-Lip) (in red) (D). The 

data are representative of three independent experiments. 
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Figure 14. Cell toxicity  

The in vitro cytotoxicity of liposomes and bioadhesive polysaccharides gel against 

chicken spleen macrophages was assessed. To determine the cytotoxicity of the 

materials, macrophages were incubated with 10 μL of liposomes, 10 μL of 1% T, 10 μL 

of 1.75% T, 10 μL of 0.2% XG, or 10 μL of 0.3% XG at 41°C for 24 hours. After 24 

hours of culture, the cell viability was measured using the MTS assay. Results are 

expressed as the mean ± standard error of the mean (SEM) of triplicate determinations. 
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Figure 15. NO production from adjuvant stimulated 

Adjuvants causes increase NO production in chicken spleen macrophages. Cells were 

incubated with liposomes adjuvants (PC-Lip), tremella (T), xanthan gum (XG) or LPS 

for 24 hours. NO synthesis was assayed by measuring the NO present in the culture 

supernantants. The sign * indicates difference (p<0.05) compared to the control in 

which cells were not treated wih adjuvants. The sign # indicates difference (p<0.01) 

compared to the cells were treated wih tremella or xanthan gum adjuvants. 
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Figure 16. NO production from liposomes stimulated 

Adjuvants causes increase NO production in chicken spleen macrophages. Cells were 

incubated with PC-Lip, PS-Lip or SA-Lip for 24 hours. NO synthesis was assayed by 

measuring the NO present in the culture supernantants. The sign # indicates difference 

(p<0.05) compared to the cells were treated wih untreated cells. The sign * indicates 

difference (p<0.05) and sign ** indicates difference (p<0.01) compared to the control in 

which cells were not treated wih adjuvants. 
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Figure 17 NO production after treated with U0126 inhibitor 

Effects of MEK-MAPK inhibitor U0126 on liposomes stimulated NO production. The 

sign * indicates difference (p<0.05) compared to the control in which cells were not 

pretreated with inhibitor. The sign # indicates difference (p<0.01) compared to the cells 

in which cells were pretreated with U0126 inhibitor.  
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Figure 18. NO production after treated with SB-203580 inhibitor 

Effects of p-38MAPK inhibitor SB-203580 on liposomes stimulated NO production. 

The sign * indicates difference (p<0.05) compared to the control in which cells were not 

pretreated with inhibitor. The sign # indicates difference (p<0.01) compared to the cells 

in which cells were pretreated with SB-203580 inhibitor.  
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Figure 19. NO production after treated with Bay 11-7085 inhibitor 

Effects of NF-κB inhibitor Bay 11-7085 on liposomes stimulated NO production. The 

sign * indicates difference (p<0.05) compared to the control in which cells were not 

pretreated with inhibitor. The sign # indicates difference (p<0.01) compared to the cells 

in which cells were pretreated with Bay 11-7085 inhibitor.  
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Figure 20. Western blot 

Activation of ERK signaling pathway with adjuvant stimulation. Chickens spleens 

were lysis by RIPA buffer total protein was isolated, separated by sodium dodecyl 

sulfate polyacrylamide gel electrophoresis (30ug/lane), and analyzed by 

immunoblotting of phosphor-(Thr202/Tyr204)-ERK or β-actin. Data shown are 

representative of three independent experiments. 

p-ERK 

β-actin 

Control Virus PC-Lip T-PC-Lip XG-PC-Lip 
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