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Abstract

Abstract

Chitosan, a kind of alkaline polysaccharide, has abundant reserves and wide variety of
sources in nature. It becomes an ideal biomedical material as itself and derivatives are
non-toxic and biocompatible. Microspheres prepared from chitosan and its derivatives, not
only are biological compatibility as good as chitosan, but also have advantages of
microspheres such as APC-targeting, antigen releasing control, effective protection of antigen
from degradation and inactivation. Chitosan has become a worldwide hot topic as vaccine
adjuvant in recent years because of its unique physicochemical and biological characteristics.
In this thesis, high pressure homogeneous technique was used to prepare uniform-sized
N-(2-hydroxy) propyl-3-trimethylammonium chitosan chloride microspheres (HTCC MP)
with controllable sizes. The prepared microspheres were used to load HSN1 split vaccines,
and the effectivity and security were evaluated as parenteral vaccine adjuvant.

In detail, this thesis mainly contained the following issues. The first part was to
prepare HTCC MP by the high pressure homogeneous technique. The effect of key
parameters in preparation process on the uniformity and structure of HTCC MP were
systematically investigated. And uniform-sized HTCC MP were successfully prepared. The
second part was to evaluate the effectivity of HTCC microspheres as HSN1 split vaccines
adjuvant in vitro and in vivo. Firstly, immune effects of HTCC microspheres were
investigated in bone marrow-derived dendritic cells. The results suggested that the HTCC
microspheres could promote APCs activation and antigen internalization, and effectively
enhanced the immune response. Then the effect of HTCC microspheres as H5N1 split
vaccines adjuvant on humoral and cellular immunity was evaluated. The results suggested that
HTCC microspheres could significantly enhance the specific antibody in the serum of
immunized mice and powerfully improve CD4"CD8" T lymphocyte subgroup percentage
compared with aluminum adjuvant. It was suggested that HTCC microspheres could more
effectively induce immune response than aluminum adjuvant.

The third part was to evaluate the security evaluation of HTCC microspheres as
parenteral vaccine adjuvant in mice, SD rats, guinea pigs and rabbits. The security
evaluation included acute toxicity test and abnormal toxicity test in mice, multiple toxicity
test in SD rats, allergy test in guinea pigs, muscle stimulation test on rabbits’ thigh muscles
and hemolytic test in vitro. Results showed that the security of HTCC microspheres was good.
No toxicity, irritation and hemolysis were found after injection of HTCC microspheres. The
HTCC microspheres could be used for intramuscular injection.

The above results showed that the HTCC microspheres were safe and effective vaccine
adjuvant for H5N1 split vaccine. And the HTCC MP adjuvants have strong potential for clinic
applications.

Key words: HTCC; microspheres; vaccine adjuvant; effectivity evaluation; security
evaluation
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20 LA, AT B RRAES R BRI T 5 % S AL YR 2y 2y R, X
FEPIF e ERfE R EH . ——J%H . AL TPARWE RS K, B
PERAIEN N A AU AT TfE itz — .

NS R PR I e SR, R T A P I R AT FH B 2 R T A
RS RS, HETERZIPRME. &5k, B S BAKGERURE, TIEAHK
TR Hk, MR ARIER, THR IR £, bTFeEE
F R ED T W40 (Helper T cells, Th) Th2 MICHUARI =4, AEEES Thl KON
W, WASRERG RN EEE T 40 (Cytotoxic lymphocyte, CTL) [I3EPER ., 04k, 48
eI T 22 B 28 1 B W0 B 5 (i HSNL 2R ) I, A3 R R A s Al
e, AHGE AR, B RIEE T S5 RN, JUHAE SR8 IgE 174,
A5 e 1 A RO MY

G B 2 B AR ) SO R R, B AN [R5  CLJF A it ) A [R) 92 1, B8 4 o 1 1 551
DNA i), AR, HiXef i mfiE—Aag, 3 HRZH M 5k
BURIE A 25, LG T & B AE SARS. WP, WP, A
8 L 2 T (T i AR BRI, B e e R I AU AR U ONIa Y] . Rk, AT B
b 2 BRI 7L S R R, RIS B T AR G B RN 4 M G g

1 M 80 22 4 i B8 #h A2 771 S FH 928 1 LAk, 22 4 1) i — L BELA o 92 T A R D R
— LG B TR RO T R N IR, A BE 2= A H B S e Ve AN RSN B
BEPE K VLSRR o 3E4 M1k, FafkfI2 k73 [E FDA #tHEf#£ 77, MF59
NIl#% 3¢ [ FDA #tHEH T 7B 65 % LAK 65 % LA LR ABET Y MUK =4 % 1 Fluad'®!,
AS03 A RK SR AL AE F T 2 FF 9t AN L SR 20 i e 7], LB e s b A ot
WRET . FHAh, B A= &3S R sh AR A R 22 A, g BAAE I sh A AT it
TC, W ANBE T A TIE AR AR BN o [R]) e 75 B2 18 R 28 v S 2 i 1 e e 1k
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FRTF A I W PR 92 FE P26 AR )
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i B I T, 3R AR 2 0 M P PR A AN IR, ORITERT S R GE R 05 « IR AT 55 40
RS RN A, 5y v Wik 20 M £ I B S LA P B At o R AR L S B, UM PR 2 R R 4t
M B8 AN 07 0 8 G % RG0S . ML AR A B I /E T, QOFL R 2 2 40 ( Antigen
presenting cells, APCs) LR PE, Vesldid s APCs R ARR L&, i3
P55 BT SRAE [7)1% APCs, AT (i i3k ot Bt S5 PR S5 484 56 JHC 60 JE fr m T A0t 2 77
FIHFE R TR RIAAEAIE T, WTLAE S Toll BEAZ4K (Toll-like receptors, TLR) 15 i i
()%, Khan S 22680 F 851 CTL A MK TLR2 MIEL/A Pam3CysSK4 #54, A ILAS
E VIR BP0 338 5 DA R4 (Dendritic cells, DCs) IR,  [RIE G5 T+
CDS*T #k L1 i A LA K2 AR A IR T PP . @17 3 S B 2 0 = B A 0 S N 5 A4 i 352
i, HILEVEAN . MNP A SR . HTE . Ak, AT SRR K G e B
[FIET. ASO04 {EA Cervarix & 22 WiVe ], VES G R N T R A S i 5 A
F NF-xB [#63%, i SAMEAE T4, Ik ELE+ DCs FpAZan s’ .
@501 T AL 23 (1) WG i 53 WA s A D] 1 R 5 2 (R, PRk 53 4 S R A P 3817
S A, AR e R R R A . B0, Wik FDA ik 1 3 477 MFS9
FLR, REWSIE LRI AR AN AL AN B S AL, I PRI 4L Y DCs, ik CC stk
P72k 7 (RN 3, (R EE RS B 51 ke gs U, AT 3 A At LA A
AT G 32 25 A Thl U0 A S SR BE N2 « @] LI 36 1k 8 RE AIMA I S 3R 15 %
Fi% . MR T IRR IR, A E RS EA S RE/MATEA! NLRP3 fRIL, 2
THH M R T /v & IL-18+ IL-18 (Interleukin, IL) FFIEER, AT B0GE RS 4%
R, @it i EEASM AR A (Major histocompatibility complex, MHC)
MHC UMHC 11 284> i im o, #Eiicas APCs RIFaife Biikfe, W RN
({287 . MHC 1 2580 11 2853 F 53 3 2 5% IR VE R AMIEVED TR fm TR 2, SRR
i R TUOBR e 79 R s A LE L, mT UG R B S BTy (1) S NI e 5 DT il A 1 16k 38) 240 i ol
o, ARG TSR AT, 35 MHC 1 289 74135 Byt EIk-MHC | £ &5 #is
ZAMRT, # CD'T WA, SR RN, f%NIEMEDURIE S
EAREAT I AR o DL R e — el R R I A P AL

X HIVE AIVE FABLHI RN, AT 99 st R ise vy 4% S A P B (it =5 D i 3
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X AN B R R PR A 3 R T S B R R FE Ve KTk, & 177, DCs 75155857
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73 d BT A6 N FF, R 50 BRBE R A A AT FEDUR IVE ] o = W 350 IRPEGN R 1E y H3N2
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TNF) [0, A RSP 5 Ry 5 A0 Thi, 3 i 3 55 (A Vi S 28 R 20 Ji G 38 S
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YT-CJ-2ND # % TAE & LR WA
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FEERAEN TR Z VAR BB PR 7
T4 f v 2 2 5 [® Millipore 2> 7]

i 24 A A Beckman Coulter (CyAn™ ADP)
Bl as Eppendorf (Research plus)

R Z TBA-40FR 4= H ) 4073 BT X HARZ AT
2.2 S8 Tk
2.2.1 5¢ FBE Tk SR UK i) £ 55 RALE
2.2.1.1 5 RBE T SR OR A i 2%

oMl 52 R (2-REHE =Rk E7TREES &S,
N-(2-hydroxy)propyl-3-trimethylammonium Chitosan Chloride, HTCC, 4r¥f i 78 Ji, 7=
AL 40%, It CWESE 95%) » il 8 5o BBz i K (HTCC microspheres, HTCC
MP, F3Cidy HTCC k) il & iitfE an & 2-1 fos.

AN —
HTCC %Homogenization 4 Ry High-pressure@"']__;____ Gelation

hydrogel * " hom i —:_J at 70°C
ogeneity .
Oil phase ‘ wW/O ‘ ‘ HTCC
Primary emulsion microspheres

] 2-1 75 JRBE T4 R TR ) 1) - A A 1B
Fig.2-1 Flow diagram of preparation of HTCC microspheres
FREL 0.168 ¢ HTCC ¥ f#T 2.5 mL 0.1 mol/L FLERH, #ii#F 30 min £4, % HTCC
AR ZEREPIMAN 1.5 mL 287K, . IKREMFT, R ERERS
JEN 1 mL 0.4 g/mL 1) o-B-GP ¥, 8BS min, TERUKEER, 1ERNKH . KA f i
H5ARMBHZARL 1 2 1S, JFIMAZLH] PO-500 BAWREN 6.0 wt %, 1EHiHIAH.
K G AR BN G R AL, PR AR N A, SRR = A, 4T
FE5) SR TR0 S ] & W FLE . FT P38 <, WSAmE J), w345 6 min, 533
B —FLil. RIERALE TRA NIRRT =Mkt 70 C R ELL 3 h, [FH
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B0 3 min, PE¥k 3 K. FERWFE 30-60 fF iEELEE BT IR . S BIPTEE R 10 mL
FEH 30-60 (1947 ik =k, B8 2 3 W 4 HE 1 1 = A e, N 10 mL 20% 5 N
R BHAE SRR A MR E . 75 37 CKIBZM FHE 2, RN BRAEEY 5-8
mL 2 [8] , 45 R EL A A TR L 2 10 mL 304, FH 28 7K PR ER 3 ¥k, 53] HTCC
ER, 4CHRAEEH .

ToR B LR, NI AARER A 5 mL, kR o ek B R A A e A A e
12, WAHFLAH] PO-500 W EZ N 6.0 wt %, 5 [E] 4 6 min.
2.2.1.2 Tl BRRL AR 53 A1 A 2T FLAE I E

KH Zetasizer Nano ZS B GHURRLEE G E HTCC fERIY RLA2 /046, #% HTCC
TR BT 258 7oK H, B 1 mL B IR B AR, BN Sh A YRR AR e
HTCC TR 35— th 2 7 BEFE 80 (Polydispersity, PDI) #4E, PDI i/, Fite
AR A . R Y — MR

2.2.1.3 TR A W 5

HTCC fERFHIEIK H JEM-6700F i BT 1T W%, B 76 HTCC TlERIE R
B TEREHR L, BAXNT. EHEME TS G L, RERKHEEATH HTCC
ORI AN E %S A b A B IR P FE S T8, 2618 20 mA.
120 so 3¢ Ja b BE d B BON FEBERE b &= EAT W .

2.2.2 P il I ) % S FRAE

HY 500 uL HTCC ek & FAREIR A, 120 CT MM T 2 h £ #E, 1F 515 5] HTCC
TR . ¥ —ERF HTCC k5 HSN1 2L 5 m0R S, MmN mPiERE AN
15 pug, HTCC T EKJ5i &4 100 pgC il AR FE F 7 EPi 15 pg/dosage, #£57] 100 pg/dosage ),
ST PBS (pH 7.2-7.4) ", 7e4riR%], H 4 CHHIGFWN, 7EHEEA{ ELL 20 t/min
1Y o e e VR A 12 he

B B 45 SR I 5 B 7 VR A MR BFY S5 AT SR -HTCC AR VR & 7470, 5000 g 5.0 5 min,
W R, KH Micro BCA 7@ e Fig &AM &, HTCC Bk Wk bt %

(Adsorption Efficiency, AE) %A FARIHH: AE (%) = (TP E R & — W
SRR PR R R AT SR BT EXx100% .

2.2.3 58 JRE P SRR e v e R 0 2P VPO
2.2.3.1 4L K P

R EA DCs f& R N Tht e om K E B APCs, R A0 T I S GIE N2, &
AN AT E R G S S22, A BALB/e /N B AR SR EU I BERE DCs, 78R 11
ERF, &ERS /DB EHRIEM R4 (Bone marrow-derived dendritic cell,
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BMDCs). XH BMDCs #EAT IR N A7 LARGE AL S, T4 HRIE %5 5 HTCC itk
NPEHIET, BETR 51 e G BE LT o

2.2.3.1.1 HEPE R 5240 0 BMDCs (425 1% 5%

SOUHE M F1V2 A0 56 BALB/e /NBR , JTFREZS B2, MRTLATE BN FALBY T e A, )
B2 RPIEREL, IRWLEVKIAI RPMI-1640 15353k A 1 mL VESF 884 k20500 T
PR ALL, S — WA IR RPMI-1640 B5 95000 1 mL 35 8%, BT —im4LA
HRElE, PEEEER] 15 mL EEEOE T, BE =) 3 mL), BBE R (2 mL);
WA BT W, 1500 rpm, 5 min 250025 FiE, M 2 mL JoBE Tris-NHCl 2140 o 2 i
W WATEA R, EiRFEERM 60 s, HMRAAM, MA 6 mL RPMI-1640 1777
ZOb R BE, 1200 rppm, 5 min B0 FFF EiE; NI 3 mL 1640 BEF=WCE:, 1500 rpm,
5 min B0IFFE B, BURRERAMA 12 mL & 10 ng/mL 40 5 7% ) R T

(GM-CSF) #1120 ng/mL IL-4 )56 55 97 5620, 70 & 24 fLH #5541 0.5 mL, FHrp
0.5 mL &l e kg gk, BIRE 48 h)E, BWIRRILN, WFEiE R IR B
VR, AHNEEEGNA, DN ERIGE AR AR 0.8 mL, 4REEEETE; BERAREIR, ¥
RO, REREETAM, SRR . RERFEEE AR, WEEREDIR
Bl AU A SR 40 e BMDCs

2.2.3.1.2 BMDCs X it Ji 1) 45 B sk 56

] 2.2.3.1.1 H&EEHS 2 BMDCs HIIAAFEAEFIFIEE T (FITC-OVA S 55 U2
WICHEPRCHIINEE A, ENERGUE), BARKSLKH AN TR Lk 2-1 Fr
N BAFERIE 3 NEIFL, TERPAT. 2REERT RN 12 h 5 EE4n i, 8 R an i
ARSI BMDCs X647 J5 £ $e BRI 40

2¢ 2-1 BMDCs X 470 i A HEHIU S 56 43 21 e 6f 7 9% 15 1 7

Table 2-1 Groups of microspheres uptake by BMDCs and corresponding vaccine formulations

Group Dosage of HSNI (pg) Dosage of adjuvant (ng)  Volume (uL)
FITC-OVA 15 - 100
Al 15 100 100
HTCC MP 15 100 100

2.2.3.1.3 5¢ K bl Z S ek BMDCs (11516 AE H

A] 2.2.3.1.1 o & £ 15 2 BMDCs AN R SR, BANFE S B 3 4T,
HAR ) 58 73 20 AN B L & 2-2 B e 4R2EREI7 12 h fE Wik 24 LB R 46 i
£ 1.5 mL B0 F, 500 g 5.0 5 mine A 1 mL Staining buffer ¥ 1 K. % i,
T BN 5 PR G (CD11c-Alex-Flour488 . CD40-PE. CD80-Pe-cy7- MHC I-PE-Cys5.
MHC II-Violet), X} BMDCs #EAT#i A Piisbricd. WAL SN 4 C )3 40 min. H
H 5N 1 mL Staining buffer 4%, Pk =K. BN 500 puL Staining buffer X %]
RN, 1200 H 4085 R 2 i U T R AT_ B RE AT I A
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2 2-2 F PR LR BMDCs (135 A6 AE FH S 56 43 25 F2 A 7928 1 1ic b

Table 2-2 Groups of BMDCs activation by HTCC microspheres and corresponding vaccine formulations

Group Dosage of H5NI (pg) Dosage of adjuvant (pg) Volume (pL)
H5N1 15 -- 100
Al 15 100 100
HTCC MP 15 100 100
2.2.3.2 F YK

AT WA R Z i G5 MR 5 IE %, st o e e 32 i B SR S L. AT
F%2 HTCC TRERI) S RO AN R B, e N )2 MEZE /Ny 8L T S5 I 1A A
%) BALB/c /) A% G ) 72 7 3047 S % o
2.2.3.2.1 B 5G Ga g% T &

i FE 4-6 J& BALB/c /N, KRB S fas%, 440 8 H, 4 Mk 4 M, R/
SR 2GRN 100 plo BARR 9256 20 20 KA R TG EEIR] 2.2.3.1.3 2R B4 Eh Rk xt
BMDCs IiEALE 928620 4 . SdB 5 iki% 0d, 21.d %Ik, SR, 455 ik
ITHURREIN, %5 35 REUMAREGNA, BE47 IRk 4 A o R L0 RS A, 22
PEM HTCC Bk G HSN T 2205 55 (1) S s 36 55 200 R

- Ly

A 2
P P . B
i 31 4t S 2 ] s ENB
©® 1 week O 2 week ® 3 week @ 4 week . 5week
- B =% ER i Ak
ER i ER in . 323]

K2-2 RS TT R

Fig. 2-2 Scheme of mice immunization
2.2.3.2.2 il Bk 490 A1 S A AR A

L P ) S 56 3000 5 L7 £4) 1 A6 (haemagglutinin inhibition, HID $HTAAZA (1) HAA
IR B 40 uL M5 160 L EELIER (RDIMERES 1: S Wk RA, 37Ca
16-18 h, F48 56°C Kiifi 50 min. FfihCE i 5, A 40 pL FRASASLI400, 785018250,
37°CJE 30 min, 1500 r/min 25.0 5 min, WCHEM b3 BT ACER AT (0 0L 375 FF s (LEERR =5
HESE 2 FLES 12 FLSIE BN 25 pl, ARIGEEHESS 1 FLINAL TR 4 () 1 575 B
50 pL, MEFHESS 1 LW 25 pL 3056 2 FLEWRITIRS), B 2 FLW 25 pL 228 3 1L,
CASCRHERS LR 2228 11 FL, AES 11 FLWRE 25 pL 3¢ 2% AAJE M2 1 %) 11 L0 4
AN LB AL TR 25 ul, 7225 12 HE) A-C FLN 25 pL $J5 9 FH MR, D-F FLI0 25 ul
AERER K ARSI, REHIRA), I R E 30 ming I R BA R BN 25 pL1%
(viv) SR, FiE FEE 30 min. 455 HE k. DLRESE A 0E| 20 41 o et 4
{18 i ey ML 7 88 PEE 30Ky L EAM R o 4 L BEARURY 60° K 30 s, [V A BBt AE I

10
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LA E R SRR, TR XS LD AN e U AN RE R, BIAE B M BE L 2B
NI A IEZ et

2.2.3.2.3 I 40 ffa 2LV ) ) &

Y/ R SAEAL I, 1E 75% 1 CREFIZIE S ming LHEHEE T, A LEHUE, 8
T447 RPMI-1640 55773 (1) 200 H 400 F, HI 5 mL BD yESS @8EH SRS, f
HBURAA A, SRR A 50 mL B0, ER N 25 mL, 10°C, 500 g &
O 5Smin; Z B3, NS mL 2040 2R R AAR 40K, 4 min AN 15 ml RPMI-1640
BRI &L B, 10°C, 500 g 50 5 min JE3F Bl N/ VF RPMI-1640 177 5 8 2 4
Hapiie, Phiik A, n RPMI-1640 8577 55E A 4 15 mL, 10C, 500 g &0 5 min
HF bl A1 mL FiEXHT (10% FBS 5 1%W41) 1] RPMI-1640 5842557783 78 4
AN ITHE , XTI AT VKL, 3 RPMI-1640 58 45 5% 97 3L 18 82 29K FE R 5.0x10°
cells/mL 7 .

2.2.3.2.4 it 24 F A 5 )N 5 IR 40 P R LY

¥ 2.2.3.2.3 IR1G 1 B 40 B = R AR 42 24 FLAR, BEFL 500 uL, ZRJE&EFLEMNIN 500 pL
P 4 ng/mL Y L% 2 (hae magglutinin, HAD B F) PRIM-1640 58 4 55732, B: 1 mL/well
(24 FLHO), BIFAMRE ] 2 ng/mL, PRAHMIZEHRE A 2.5%10° cells/mL . ¥ 24 FLARALE
MBS FRFE (37 "C. 5% CO2) |97 60 hJi, K4\ 24 FUB P E R B0, &
L (500 g, 5 min), FJZ4UMYTHEF PBS Yok Aarab B, o R gn f kAT it sk
frid (CD5-Alex-Flour700 . CD4-eFluor450., CD8-FITC. CD44-PE. CD62L-APC .
CD69-Pe-cy7), #4724t HACR I .

2.2.3.2.5 G it i

A K Student t test f2 58 HEAT S 125 0 Hr (GraphPad Prism 6 #(41). S5 %L
PEak B LU B bR E R 2 (x4s) KEIR. P>0.05 i, NAREREZER: 001 <P<
0.05 i, INNFBFEZER, LLo"%R: P<0.01 B, [CRAEWMEZEER, Ll gR,
0.001 <P<0.01 I, INAF T EEER, DL RKR.

2.2.4 5E RHE B R PLERNE B Ve K 22 e VE VR

TEON—FoB Ve, RETS AN B, BRITARE, ZatEte A n] sk ) &
TR E o I A SCBN VIRV A B 7R 0 22 ek, ANBU AT TR0 & 78 KV B A FH e T
REHBLAIAS RRBE, JF AR PR SE0 5 SR BT SRttt . B RTER T LR BE N IG KB B i
FC IR B R R ER ORI 22 M O S8, BEXF HTCC TlBRIN 22 T 72 i AR ARIE . ik
b, PERIRZeVEVEI R S RS M B, JCI AN 58 SRS T R Eh R AR
R AV SCERARE b o AT Fod i T XSOk, 2 (R E 25 8) (2015 RO
o = HB A HAED I AR N A, MR TR A AR i R AT 22 S VEPPAT SR B 1E—
AJEIY, SRR KBS KB B2 KB RO, X HTCC flskidtts 7 4]
LI AN, R Atk RS BRI, R ST . VLA

11
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560 AE et RAMNAMSEIRSE, H RN R T SL80 S .

AR TR A AR W IR PR R 22 A PR VRN B R 8O — BRI ) DA K R E 2
B) (2015 WO = EAAME, oA AAR. KR KR B2 KE s
PEAT #1115 1) HTCC TRt %2 41k .

2.2.4.1 2t pEseng

i SPF 2 BALB/c /N3t 40 H, HAERES 20 o R gs 24 77 B DL ] fik i K
LRPIIRIE (50.0 mg/mL) « /NEURT K SZ 1) iR 25 24 25 B 0.1 mL ¢ B K4 2557158 5.0
mg/mL, f/NAZRIR I E NGRS ZFIE 0.1 mg A, —IIEHAYAFIE 0.1 mg/
He 03mg/H. 1.0mg/H L 5.0 mg/H, SHELN 0.9 % FALBE SR, 0% 4 H 3-4
JAEYERE BALB/C /NGRS LA Bk G 24 24501, 8265 0R 800 0.1 mL/R, JES: M 5EW
Fil. WEIEMEFER AR, ST O, SAHET (0d)  AZJEH T (8d) « 14 K
(15 d) Pk EZ . SCIRE T, RXF3E T Eh M BT KRS, R RE e
SEWILE R Ja JOFE IR AT RO . ML E G . . AR, SR
B, REVEAL SR I AT HS R AR A . SR AR Gt M AR E 430 ik
AR A bR (X)) FoR, AANREATRA “CR% . BESCRITEN LUK it
%27 & (Maximum tolerated dose, MTD) K#E/~, WIAWIHPIET:, W MTD KT 2T
ZATHIERY.,

2.2.4.2 5 B2

AR E (0.3 mgH) MEFleE (5.0 mg/H) , HHI7ESR 1 KA 22 K
XF 6 RS JE UL HEME SD KRB AT WL E S 4A 25, FESAEFIN 0.5 mL. FREE0
£ 42d, MWERKRIETHER . FHCIRAS. ek, ERKIRE —BOER, &0 E
A, R, EWEUn, 45T 0d. 1 d 22 d. 43 d {4 2 TBA-40FR
A Ak a0 BT A R A O LS AR Ak FR AR, BLEE KR O LIERR (WLERBAF CK. FLER
i 8 LDH) . M ZhiEks (NZ R ALT. RITARIREZ M AST. ik
WEEREF ALP) . BIhiERE (JRE%Z BUN) . RIEHPr (C RMEH CPR) %,
LIGEE R, K REEAT KRS, RSOl FFAE. B RE. M. EFEaS UL R E
TR AR NE . ARG, W F A E R, RS R % BB, oKk g
ITH R R

2.2.4.3 75 B MESLLG

WAl Rz ) (2015 [ E=0EN 94 RE EMEREE, 4 6 R 34
JE S B P BALB/c /) BUIE S AR 4525 0.1 mg, VESHAFI A 0.5 mL, M%7 d. M
RO ESI R E R RERL ., ST, BT A S5 3h NEAT K Ak
i, MAZREHUEE, P, AR, RESR SR, NEI0 I
ITHLUR A A . WEWIE, NRAeTEE, B RE RN, JEA R N R
A 8 R 0, e g A

12
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2.2.4.4 LA ) L 56

AR S 2-3 AN H R IE G BT KA RA R BRI ZIRG2, B4 4
W, RHBASX B, JFEgH4E RN 0.1 mg. 0.3mg, VAR 0.5 mL. KW %5
WiGEah. e, WOKE—MEN. L4 240N, WRENSMLLESR AL, 4
i AT SERER . TR Z IRGHIRIRZJ5 2 d¥ 4 Aah (g4 2 H) kit
GIRAE, REVECH VS AL AL, N I, WML L A, 4. AR
WHCERE O, WA T N AT RS RS . B RIS ke W EE, KiIKGY
J& 14 d SEHt 22 SRAE, FEAT L P R 5 0 5 R0 O R AT 2SR AG A, LA AR T R )
Al RE B . ARIE R SRR A AE R, SR BRI AL 3 AT EE AR o

2.2.4.5 4= B i FsL G

43 9 H 1.0 mg HTCC fERZE 55 1. 3. 5 KX WIEAARE A 300-400 g 1 ¥4 Hartley
J B BE AT BB s vE S B, AR5 FH 2.0 mg HTCC R 7645 15 K & ki ik « e
56 v CAGAG AR VB B M B, 5.0 mg A L AR A A BE R, R SR A
0.5mL/ A/, fH 6 X, M@y ik (1d .« &g kE (5d) MEEMH (15
d) HE, WEER - BREEFLTE. T &KES SR %25 30 min B 1 3)
Y, 0 P s R REAR U %% B ) ZE K AR R, K ER 3 PO, i
WO N SR M B CER, —) , D BUx N S5 (Bsh. BE. @,
R, +) , UM E (M, R, PRI SR HER . SR WDH, +0
o RO R SR PHE RIS PR . BERS  KR. PAEARRR. BRER. WS EEE. e
o WAARER, 44D, A BUR N HGEEME (BETD, +++4)

2.2.4.6 1A &b i ML 5256

HORT i Sl 10-20 mL, FH B be i bE DL 2404k e e, AR B8R /K b i
3-5, HZE WA RAGR I, %R A AR, AR SRKE 15 2%0
. BURE 7 W, 4bhSRS, %R 2-3 A SR . HTCC ek IR AR 1L 45 24
FIEN 0.1 mg, SEIAE AR 4%~ 0.1 mL. 0.2 mL. 0.3 mL. 0.4 mL. 0.5 mL.
6 SEMNMAMRE, FENTAMNE. 7 SERMSR HIFH KRB LR
K, fERNFEAEIN . BEES, BT 37C KB RIE— e[ 5, S
MRS, &M HREY, a6, FRLOMBEE. Howmim. %RE
By, grfaaihite, R MA D ETYHMEEH . ST HBBm DA . ANEL:
AMAR T, EERALEENE., BRaamAtigE. AN, L1 hjE
5535 LAKCER 345 DL & IV LB 40 I L R P ) 7R B AS B A R bk
2z M.

13
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R 2-3 R Ab S5 hn BE &

Table 2-3 The formulation of solution in hemolysis test in vitro

Group number | 2 3 4 5 6 7

Microspheres dosage (mg) 0.1 0.2 0.3 0.4 0.5 Negative control Positive control
Administration volume (mL) 0.1 0.2 0.3 0.4 0.5

normal saline (mL) 2.4 2.3 22 2.1 2.0 2.5 2.5
2% red cell suspension(mL) 2.5 2.5 2.5 2.5 2.5 2.5 2.5

T RUR K EMBEAR www.willnano.cn

= EREYL B Rkt i 88 48R aE e £ /7: 3,100bar #2i8-4°C

GikEE AERNMICERBERRE ARERE AEAYER
Jacketed Extruder

Nann[ieniczer'eg FilntEﬁnii: C eﬂgs HandExturA'der'
W gis
" 74__.__1 =
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B MRS

BZE GRE5R

3.1 58 RHEF L SOk A & T 2k

5 2] SCHR I 25 A i 3 s a6 45 SR I, SR FH o e 38) 5 725 1) 46 HTCC R BR (1) 3 Z 5 (K]
FA: D e R ERIR R LR R M s 2) mIERE 1R HTCC fEkkifz
B oA 3) JhaKARRAR L R FL R B B ST . AR 7 R B R K 5%
‘eI HTCC fEkibil) st FE A2, FF004k HTCC RlER 28 244

311 50 TR 2 bR PR X 58 TR 2 e b BB 4 (190 522 i

70 R WEZE R R A NHTC IR i) £ R R 10 F2 A, FLk B — T 1D 2 5 Wl 7K R 286 3 S 3L
WRE, 5 — 5 TR 2 52 S [F 4 BRI (8] R HTCC R A BV F2 % . HTCCIR
ARAG, KA BN ARG, &5 R AL, (HRHTCCIRE ARG, KA S ekt #
fi st () B, T LR R LR 7 [ Ak AR b B R AE R B A T, i HTCC AR K hE
BAE—; HTCCHMR R, ZKAH e [a) e, 7L i e s [ £k e R, {2 HTCC
W i, RMBES &, mEAN SRS, BHEHTCCRMER 1] % .
MFE3-1RTLLE H, 4HTCCH0.06 g/mLEy, RFEES, HHil 15 FHTCCHRERRLAR 74 i
o

31 N [F) 7% T 2 e G P e ) 46 SRR A REA% % 20 A

Table 3-1 Size distribution of prepared microspheres with different HTCC concentrations

HTCC concentration (wt %) Particle size (nm) PDI
3.75 2052 0.167
5.25 2211 0.148
6.00 1584 0.019
6.50 e —_—

3.1.2 e F 59 Jo 1 79 %k 58 SR 2 i s Tl ] 4% (O 5 i

LT R R S35 HTCC TERRLAR S I 20 A7 (R 5200 . 43 I LE 3500 psi Fl1 7500 psi
(i 24 K 1 Rl % HTCC Bk, B3 HTCC FRERARIAR 20 A b g et P 3-1
FivRe 2467128 7500 psi B, ¥R AIR, BUISR, RS TEES MR, ZEREY
BEAA, oKW . R, #4 Hok i HTCC MERBIAAE/N, TR B 0 J A fg
Wedk, ERIE SR, PRARIE 718 3500 psilif, HTCC fERKIAEK/ANE 2 um 47, H4y
M R4, BSOS BN S, BIE LA 2R LF R R

15
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HANEI NG 27 e 2 A7 58

)7500 psi (6)3500 psi

BI3-1 AS[E] 35053 F 737 B il % B sk ) e B2 HE
Fig.3-1 SEM photographs of microspheres prepared by using different homogeneous pressures

3.1.3 7K AR AR L X 56 SROBE 2 i Tl i 46 (1 52 i

T RAH AR bE BB e LR 3R A L R L VR B, TR HTCC Bl (1 i) &6 it
FRIE RS . il ACH R AR b iy, PR AR, JahtELr, SUERLE ST UIA TS,
A FT#3 HTCC SBRpiAR IR, HARAR A . IF Btk AR ey, BB T A il AR
B2, G HLE R KB FE SR, — D74 T HTCC Sk & A, 55—
I T JG4: HTCC FERVESIMERE, §2m HTCC TBRI 24 tE; K AHAR b
AR, SRR R, SEBENLS R AL HA e, EHE T HTCC 4
BRIGH & o AWFFE o BILEMKFARILL Y 20:0. 10:14 8:1. 6:1. 5:1. 4:1:. 3:1 [(%AF
il HTCC BBk, Al # HTCC ERATRAZ AT WK 3-2 . SEIeah FR i, 24
IKARFIEE A 6:1 B, HTCC fdRRifR 0 fi e A, ¥—MEif.

3 3-2 ANIF) KR AR L i ) 46 TR fR 4% B 49 A7

Table 3-2 Size distribution of microspheres with different volume ratios of oil to water phase

Oil/Water (V:V) Particle size (nm) PDI
20:1 2403 0.763
10:1 2286 0.550
8:1 1722 0.167
6:1 1585 0.019
5:1 2824 0.269
4:1 2186 0.459
31 2829 0.753

3.1.4 /NG

i AR Ak 25 v %% HTCC Tl BRI 2 08 450, W HTCC iR % . K
to. FLALAI . HTCC WFAE. BeBky a0y LA K& R 35 (1) g F et 8] % HTCC ek
AR — YRR ), 4t oRAR X — . 43 HUHE R4 ) HTCC fEk .« il 45 35 — HTCC
T ER I b 26 A2 - ZKAH HTCC 3K 6.00 wt %, /K a-B-GP 13K E N 10.0 wt %,
WK A AR AL EL 6:1, AHFLAL ] 6.0wt % PO-500, & &R E /7 3500 psi, 1 JE

16
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P 5 I 1) 6 min. 1% 2% £F K BT 1l 4% 15 B 19 HTCC $ERKL 128 1477487.67nm, {
f7+13.85, PDI AN 0.019, K/Ns— (& 3-2) . HTCC fhERF I 6oy, 4586
Z 4L (K 3-3) .

301

201

Intensity (%)

0 r——r—r—rrrrrT Ty r——r—rrrrn
10 100 1000 10000

Size (nm)

Bl3-2 o He B8 AL ) 6 F 7 S 2 e 2k DO BR DA 20 A

Fig.3-2 Size distribution of HT'CC microspheres prepared with high-pressure homogenization

Bl 3-3 v J 48 5T ik il o A9 58 TR 3 B AR GORR M R IR
Fig.3-3 SEM photograph of HTCC microspheres prepared with high-pressure
homogenization

3.2 50 T WEZE EROER X BT ) W PR
S 790 2 S S o e LA R B T A 5 A e FH S e s Ve PR F W LYY, i b

R, 45 W R AR W B ER SR 90% LA |, i HTCC falcek i it i 7K A H
R e P A5 987 F W B e R0, IR SRR AG (47.39%) (£ 3-3) .

$63-3 [ 30 R B 2

Table 3-3 Adsorption efficiency of different adjuvants for antigen

Microspheres Absorption efficiency (%)
HTCC MP 47.39
Al 94.78

17
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3.3 5t M EROERAE AR e 7 A R E VR 45 R
3.3.1 4H g /K
3.3.1.1BMDCs X Ht Jii ity 48 Ui i

APCs 7EL 53k B/ G B BLE ) G 3 B R A HE/ER, DCs /2 EELIRPTE
RN, PUERESHE APCs ARG IR, & 5l R G2 R NI E EZ0 R . AN
HTCC fIR{E dEH A R, 52563 F BMDCs #F T 95 A M58

] BMDCs 4 i IS [B] B ek e 712 1 B i e, SR A I =X i AR N s £ 5
T HUlE Y BMDCs 4 g b, I8 i aR4n 2 0 fF Summit software (version 4.3) 47
Bdm ot ME 3-4 hafLLEH BLUE, PR OVA MHEECEHE: HTCC MP>AI>
FITC OVA, H HTCC SR PUETRI A B2 & TR (P<0.01), ¥il] HTCC ik
R RO PR I, NI S RO B R AR B 5E T RS i Ak

2 Uptake of FITC-OVA

= *%

= 601

2 *k

e —
<

@ 401

[&]

=

ik}

(]

w

g 204

= I

° P

2 S|

S FITC-OVA Al HTCC MP
o

P34 THEDSIR SR A0 B T A ) 2 15 o) 770 S AR 1
Fig. 3-4 Different vaccines uptake by BMDCs

3.3.1.2 7 W B L B BMDCs 175 AL 2UR

PURKIREUR, 25t APCs A 201in TARE &2 51 K G MBI . JURZM
TS, ATEUA T Ry S BE PR OSSR RIS S, A0S J5 2 3R M 4 e
RiZ. PUERMESEEE MHC 1 A1 MHC 11 40F. SE56 [ERER & HR T 5 5 40
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Fig. 3-6 H5N1-specific HI antibody titers in the serum of immunized mice
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Table 3-4 Body weight and food intake of SD rats in repetitive dose toxicity test(n=6, I+s)

Sex Microspheres  Initial body Intermediate Final body  Total gain Total food Food utilization
dosage (mg) _ weight (g) body weight (g) weight (g) (g) intake (g) rate (%)
Male 0.0 349.8+6.3 430.5£15.6 504.948.4  155.1+14.4 2878.5 5.4
Male 0.3 365.5+4.6 452.1£2.8 524.6+4.8  159.1+0.2 2743.2 5.8
Male 5.0 341.3+6.3 414.449.3 471.5+17.4  130.2+11.1 2630.6 49
Female 0.0 249.1x13.6 290.3+7.9 319.0£20.4  69.9+9.6 1436.5 438
Female 0.3 245.0£1.0 289.3£11.3 323.143.4 78.1+2.4 1345.2 5.8
Female 5.0 242.3+2.8 278.1+0.5 295.3+£5.9 53.1£3.1 1268.0 4.2
26 3-5 EALREPE A P OCRUDERS AT 2 REL (n=6, Xts)
Table 3-5 Viscera weight and viscera/body weight ratio of SD rats in repetitive dose toxicity test (n=6, X+s)
Microspheres Heart Heart weight/ Liver Liver weight/  Spleen Spleen weight/ Lung Lung weight/ Kidney Kidney weight/
Sex dosage (mg) weight Body weight weight Body weight weight Body weight weight Body weight weight Body weight
(g (%) (g (%) (g) (%) (g) (%) (g) (%)
0.0 1.56+£0.03  0.31+0.01 18.41+1.33  3.60+0.26  0.75+0.04 0.15+0.01 1.98+0.01 0.39+0.01 1.73£0.11 0.34+0.02
Male 0.3 1.65£0.08  0.30£0.01 18.82+0.89  3.4520.12 0.93£0.15 0.17+0.02 2.17+0.18 0.40£0.03 1.73+0.03 0.3120.01
5.0 1.61£0.05  0.30x0.01 18.68+0.08  3.46%0.26 0.81+0.09 0.15+0.01 3.12+0.08 0.57+0.05 1.62+0.15 0.30£0.01
0.0 1.21£0.03  0.37£0.03 12.2440.83  3.7520.05  0.630.01 0.19+0.01 2.79+0.17 0.85£0.01 1.20£0.08 0.340.01
Female 0.3 1.10£0.06  0.3420.02 12.56£1.15  3.85£0.35  0.60£0.07 0.19+0.02 2.5840.14 0.79£0.04 1.10£0.07 0.340.02
5.0 1.0240.05  0.34+0.02 12.95+0.59  4.29+0.13 0.58+0.60 0.19+0.03 2.58+0.11 0.86+0.02 1.13+0.03 0.37+0.01

Bl 3-9 AL BEHE SR PO R
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Fig.3-9 Pathological across sections of myocardium in repetitive dose toxicity test (HE staining)
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Table 3-6 Blood biochemistry parameter in repetitive dose toxicity test (n=6, x#s)

Sex Days (d)  Dosage (mg) CK (U/L) LDH (U/L) ALT (IU/L)  AST (IU/L) ALP(IU/L) BUN (mmolL) CRP(mg/L)
Male 0 0.0 1185.0£75.0  3020.0+60.0 115.045.0  320.0+£80.0  360.0£20.0 4.1+0.3 10.5+0.5
Male 0 0.3 1570.0£59.0  3130.0+£150.0  60.0+30.0 190.0£30.0  230.0£10.0 2.3+0.6 7.5+0.5
Male 0 5.0 1130.0£160.0  2370.0+£380.0  40.0+10.0 145.0£15.0  185.045.0 3.1+0.3 9.5+0.5
Male 1 0.0 835.0+45.0 2360.0£70.0 30.0£0.0 130.0+0.0 155.0£15.0 2.9+0.7 23.540.5
Male 1 0.3 750.0£130.0 2480.0+410.0  35.0%5.0 190.0£50.0  145.0£35.0 2.1+0.3 24.540.5
Male 1 5.0 845.0£215.0  2710.0£260.0  30.0£10.0 150.0£20.0  130.0£30.0 2.2+0.5 29.5£0.5
Male 22 0.0 910.0+80.0 2260.0+£130.0  50.0£10.0 140.0£20.0  185.04£35.0 3.0£0.0 55.540.5
Male 22 0.3 1115.0£55.0  2375.0+45.0 45.0+5.0 185.0425.0  205.0£15.0 3.320.3 51.540.5
Male 22 5.0 1055.0+635.0  2135.0£305.0  50.0+20.0 155.0£25.0  160.0£10.0 3.2+0.7 53.540.5
Male 43 0.0 1625.0+705.0  2850.5£0.5 55.0£5.0 175.0¢35.0  135.0£35.0 2.8+0.4 67.540.5
Male 43 0.3 1380.0+£110.0 3590.0+£850.0  45.0+5.0 125.0¢15.0  140.0£10.0 2.8+0.2 73.540.5
Male 43 5.0 1120.0£190.0 4840.0+260.0  40.0+10.0 155.0+45.0  120.0£10.0 3.3+0.0 72.5+0.5
Female 0 0.0 2070.0£210.0 3280.0+760.0  70.0+10.0  325.0+15.0 215.0£35.0 3.4+0.6 14.5+0.5
Female 0 0.3 1035.0£5.0  2470.0+410.0  35.0%5.0 140.0+0.0 90.0£10.0 1.9+0.4 11.5£0.5
Female 0 5.0 970.0+£50.0  2990.0+400.0  35.0+5.0 160.0£10.0  110.0£20.0 1.9+0.3 13.5+0.5
Female 1 0.0 1065.0+195.0 3105.0£495.0  40.0+10.0 155.0¢25.0  95.0+15.0 2.6+0.6 36.5+0.5
Female 1 0.3 1050.0+110.0 3055.0+£575.0  35.0+15.0 165.0+25.0  85.0+15.0 2.7+0.5 33.5+0.5
Female 1 5.0 930.0+£50.0  3185.0£195.0  45.0+£5.0 195.0+£5.0 110.0£20.0 2.4+0.0 35.5+0.5
Female 22 0.0 1095.0+105.0 3005.0£755.0  42.0£0.0 150.0£20.0 85.0£5.0 3.9+40.5 58.5+0.5
Female 22 0.3 955.0+65.0 2160.0£20.0  40.0£10.0 125.0£25.0  100.0£20.0 4.7+0.6 55.5+0.5
Female 22 5.0 1130.0£100.0  3100.0+£140.0  40.0+10.0 180.0£10.0  110.0£30.0 4.2+0.2 57.5£0.5
Female 43 0.0 1115.0£35.0  2445.04655.0  35.0£5.0 115.0£25.0  70.0+£20.0 3.440.1 78.5+0.5
Female 43 0.3 1020.0£110.0  3370.0£340.0  30.0£0.0 155.04£25.0 70.0£0.0 3.4£0.2 77.5£0.5
Female 43 5.0 1205.0+£35.0  4300.0+60.0  33.0+10.0 175.0+5.0 95.0£15.0 3.8+0.2 79.5+0.5
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Fig.3-13 Hemolytic test results of different concentration of HTCC microspheres in vitro
F: 1~5: A 6. FAMEXTHE; 7. PHMEXTHE.

Note: 1~5: Sample; 6: Negative control; 7: Positive control.
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