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[ Abstract] Objective To prepare a chitosan-modified cationic nanoemulsion that could be used to prolong the
residence time of nasal vaccines in the nasal cavity and improve the cellular uptake efficiency so as to enhance the immune
efficacy of nasal vaccines. Methods A nanoemulsion-based vaccine coated with chitosan was prepared, and the particle
size, potential, antigen encapsulation efficiency, stability as well as cytotoxicity were examined. The uptake efficiency of
vaccine on different cells and the residence time of vaccine in the nasal cavity were measured. Finally, nasal vaccine was
administered on mice and the antibody levels in the serum and in the nasal lavage fluids of the immunized mice were
examined. Results The nanoemulsion-based vaccine had an average particle size of (167.2+0.75) nm, a polydispersity
index (PDI) of 0.21+0.01, and an average potential of (13.7+0.85) mV. The encapsulation efficiency of antigen was 92.7%.
The nanoemulsion-based vaccine had good stability and did not show obvious cytotoxicity in Madin-Darby canine kidney
(MDCK) epithelial cells. The vaccine demonstrated relatively high cellular uptake of antigens on DC2.4 and MDCK cells
at (49.7+3.45)% and (59.7+2.19)%, respectively. Besides, the cationic nanoemulsion also significantly increased the
residence time of the antigen, and a considerable amount of nanoemulsion-based vaccine was found remaining in the
nasal cavity 60 minutes after administration. Compared with free antigen and the nanoemulsion without chitosan
modification, the chitosan-modified nanoemulsion vaccine induced higher systemic and mucosal antibody levels in mice
after nasal immunization (P<0.01). Conclusion The chitosan-modified nanoemulsion vaccine prepared in the study can

enhance the immune efficacy of nasal vaccines, showing great potential to be used as a delivery carrier for nasal vaccines.
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Balb/c/IMNsL (PR 2= SR S o0 ) 5 /N B S4R4H
MIBEDC 2.4 (5 =% B R4 I ) ; R'F B4 fiMDCK
(FhRHBE b1 A2 ) 5 ) T 0 (B A 222 A B Tl A BR 2
] ); i 80 (MU AR BHEE (b AT B 7] ) 5 ] 8585 (LR R
FEfb A PR R ) s —E IR M AR It L BE i -SR & —
li2000(DSPE-PEG 2000, 3 ffi#h B2 25RHE A 20 w)); /A
KRG RIS (B RHE 2= S A B A ] )5 72 L HE IR 2,
iR (HEPES, H RS FHEABRA ) ; OVA(SigmaZy
A]); CS(BTH T AL RHE AR A FRA F] )5 Cy5-N-F2 558
HAME 6 (Cy5-NHS, SigmaZA ] ); Cy5-OVA(H ) ; 5+
TR 9¢ G & (FITC, Sigma/A ] ); FITC-OVA( A fil); 3-
(4,5- ZHELWEmE-2) -2, 5- R BE DY MV R (MT'T,
SigmaZy#l); NPT/ lIgG-HRP, IgG1-HRP, IgG2a-
HRP(Abcam/A ] ) ; TMBI (4 G S5 6 A= Rt B A
FRAF]) s Hoar 2z aGn 24 2 [ = o it S DA B0 3l

Pz me 7 e (52 5 2l i A A A R A 5 7 (GB/T
35892-2018) YELK, FLIE 7% 5L L 16 Shi R A 2L
1.2 SHNENHKZ (NE-OVA ) KH&

FREL500 mgff %4 45 F1200 mg #8574 244) Jy il
AH, FFRE200 mgit IR 803 A T 10 mLiE G FH K, iR iE
IAAR, 15 80IFL . FRIFLEE T H34 5 (100 000 kPa;
5min), 4 £40 mL. FREL5 mg DSPE-PEG 20007 i T
1 mLAISZLF A, A 62.5 pL-+ — /K & B BR A7 1
(125 mg/mL), Fi-il AHEPESZE i (pHS.0) 8 = i, B
fENE. BINESOVAIRA)(OVARE K E 40.25 mg/mL),
F37 CHEIRH 7 E 30 minEIf$NE-OVA.

T DOCARIC I DK FL: 733 HI &S FITCARICAIOVA
FICYSFRICHIOVA, 4 ikl 25 77 OV AR A FITC-
OVAICy5-OVA, Bl #1422 A FITC-OVARY 4K F,
(F-NE-OVA) fl13545 Cy5-OVAR 4Kk FL(C-NE-OVA) .
1.3 CSIEIFHINE-OVARIHI&

FRIUE HE CSTA T 0.3% KBS R Y, il i ot £ vk Ji2 oy
3 mg/mLACSHE AW - M1 mLifil & & A NEF A
0.60 mL HEPESZE ik (pH8.0), 1% iE T % /i10.87 mLJF &
W1 mg/mLIOVARSIY, 737 CHER % F 30 min,
PHESRAE N INAL mL CSEFR, RIS 7] (CS-NE-OVA) .
17 Hh CSHY R W 90.86 mg/mL, OV AT ¥k JE N
0.25 mg/mL,

il DO EHRC I CSIB M AR L B kil 28 5 i
FHIOVAE N FITC-OVAD Cy5-OV A, Bl nJ il £ 15 %
A FITC-OVARCSIEMIA KL (F-CS-NE-OVA) iz A
Cy5-OVACSIEMiZ4 K FL(C-CS-NE-OVA) .
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B B Cy5-O VAR I A 100 kDajth I8 4 4
3 500 r/min 5 0>15 min, B RRG I 2¢ G5 B, 1158
OVAMEIFH . 433l % C-NE-OVARIC-CS-NE-OVA,
ETHIEE T3 500 r/ming.0 15 min, OSBRI ZEE
BRI, ST Cy5-OVAS RE ik, M iR, 4
R = [ 1-JER P OVAR/(OVA B ExBEITH) 1x100%.
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ABIFSE #5457 NE-OVAHICS-NE-OVATER SR 20 il
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73 51 £ C-NE-OVARIC-CS-NE-OVA., Hi6 ~ 8J& it
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1.10 /MREZETEK LT

16 ~ 8Ji s Balb/c /N L, BEHLIT 44 : 25 LA
OVAZ . NE-OVA#], CS-NE-OVAZ, B4 /Nl4aH . %
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NE-OV AR #4812 4 (130.4£1.93) nm, HL{7 K
(-20.1+2.50) mV, PDI’~0.160.03; CS-NE-OV AR 747
%4 (167.240.75) nm, FHH 74 (13.7£0.85) mV,
PDI’40.21+0.01. PDI¥I/NT0.3, bR A 1) it
I8 3 37 I L AR NERY IR A (K1), NE-OVAFICS-NE-
OVAY R MBI —MZEERIBIEA .t TR
FE R R TR A LA, NEFEK /38U 5 th R T A AE KAk
2, BN RLAR K T2 5 H B N R AR

1 NE-OVA (A) #ICS-NE-OVA (B) KiESTHEE
Fig 1 Transmission electron microscope (TEM) images of nanoemulsion
(NE)-ovalbumin (OVA) (A) and chitosan (CS)-NE-OVA (B)
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Fig 2 Stability of CS-NE-OVA at 4 °C for 15 d (n=3)
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Fig 3 The uptake efficiency of nanoemulsions on DC2.4 and MDCK
(n=3)
*P<0.0001, vs. OVA group; # P<0.0001, vs. NE-OVA group.

(59.742.19) %, = T HAL B2 (P< 0.000 1), X 27~ H CS-
NE-OVA ] LA [a] i $2 55 7E APCs |- B2 40 A5, 2
TR I I IR RO, AR TR SN A R A
2.5 MSHERNER

SER L4, AN BTt e B Y CS-NE-OVA7EMDCK
A W R A S B, 3 W R TE A0 Y A
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Fig 4 Cytotoxicity of CS-NE-OVA on MDCK detected by MTT assay
(n=5)
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Fig 5 Nasal residence time of CS-NE-OVA
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Fig 6 The levels of antibody were measured by ELISA assay: IgG, IgGl1,
IgG2a in serum and IgA in nasal wash (n=4)
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