FERESREENLATIZRAERBRIAREN

LR, EEEFD AER, I, LRAD, SR, kB WA AR (1 s B ey
(R LG 250, JE5C 100853 ; 2. fRAAE B 24 , JEst 100853)

WE: BN KA ARGL T T8 WAL LR RR S RIS, TR LD RN G R M R, FiE ABBESHF S
DR B AE AR, BT R F R T T E AR O B AT L AR A R AT B LT S, A
A —FTE(BCA)EGREMNTETELOHE ET 4525 CEETHAF090 42180 d FRAA T, WHEE A EH LAk
BERE BT A (monophosphoryl lipid A,MPLA ) fe QS-21 BeAr A5 3 #F L A4EH % MIE % , BUG ¥ BALB/c /) URALE = @ *f R 4 Fm
TR, RIS R K T RS IR G A3 AR S IKIE N, % 2 R JE 14 d A, BEBE S R 52 36 (ELISA) 4]
R TP A R R G G(1gG) Stk AL A R, i K A M AR € 2 I A SRR ) B BRI AL T 09 S JE Ak
R, GBR LR EEBRAHGREREGEAFA ML 51 A FHF 30 WA B RHA0 KGR A E 6 min, 420569
PR AR 329. 7 nm B £ 132.0 nm, $ 5 AN 17.8% , (3T F K 76.9% ,iES AT SMEEMKRT 4 CHRMETHE
180 d A4 5E HE RAF . /D RAR A Sk 002 R AR, BE AR % ARG A8 7 & & 8 1 891G A= 1gG2a 4tk , 52 % T4 6.4 x 10" F2 3.2 x
10 ; Li#kesmpnd CD4" T 4= CD8 ' T tm it yufsl (P <0.05) 3838 RemM 95, i Aoy T RN #1409 5 AR AP R
BOF ARR W 5 £ BB 209 5 AR & AR 38 5% ) SRR S8 fo tm b S0 9%, R BLAT B0 R 6 71 84 5 IKAJR o 8 i 3% 2K

KR : BRI s R BR AR &y T ARG IR B AR A
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Optimization of Formulation Process and Evaluation of Immune Effect of Liposomal Peptide Vaccine

SHI Haoyuan'?, HUANG Zhuanqging'”, XIA Zhifa'*, SUN Qi'*, SHI Zhenwei'*, HUANG Songtao'*, ZHANG
Ying] , YAO Shusen', XU Fenghua] * (1. Department of Pharmacy, Medical Supplies Centre of PLA General Hospital, Beijing
100853, China; 2. Medical School of Chinese PLA, Beijing 100853, China)

ABSTRACT: OBJECTIVE To optimize the formulation process of liposomes, construct a complex adjuvant liposome peptide vac-
cine, and evaluate its immune effect in mice. METHODS Taking particle size distribution and polydispersity index as evaluation
indicators, the formulation process was optimized through single factor experiments. The physical properties were investigated using a
laser particle size analyzer, and the microstructure was observed using transmission electron microscopy. The encapsulation efficiency
was calculated using BCA protein concentration assay, and the stability was investigated by storing at 4 and 25 °C for 0, 90, and 180
d. Three composite adjuvant peptide vaccines were constructed by combining it with squalene, monophosphoryl lipid A(MPLA) , and
QS-21. Then, BALB/c¢ mice were randomly divided into a blank control group and an experimental group. The experimental group was
subcutaneously injected with free peptide vaccine and three kinds of liposomal peptide vaccine, respectively. The samples were taken
14 d after the second immunization. ELISA was used to detect the specific IgG antibody and its subtype titer in mouse serum, and flow
cytometry was used to detect the spleen lymphocyte typing, to evaluate the immune effects of different peptide vaccine formulations.
RESULTS The optimal preparation conditions obtained from single factor experiments were as follows: membrane material ratio of
5:1, ultrasonic power of 30 W, ultrasonic frequency of 40 times, and high-pressure homogenization time of 6 min. The average particle
size of the liposomes was reduced from 329. 7 nm to 132. 0 nm, with a polydispersity index of 17. 8% and an encapsulation efficiency
of 76.9% . The morphology under transmission electron microscopy was regular and approximately spherical, and the stability was good
after storage at 4 °C for 180 d. The results of the in vivo immune experiment in mice showed that the liposomal peptide vaccine could
produce high titer IgG and IgG2a antibodies, up to 6.4 x 10* and 3.2 x 10*, respectively; upregulate the proportion of CD4* T and
CD8 " T cells in lymphocytes (P <0.05), and enhance cellular immunity in mice. CONCLUSION The physicochemical properties
of the optimized formulation process are stable and good, and the polypeptide vaccine formulated with adjuvant can enhance humoral
and cellular immunity in mice, It is a potential carrier for the delivery of polypeptide antigen immunization.

KEY WORDS:: peptide vaccine; nanoliposomes; optimization of prescription process ; vaccine adjuvant

E&TH : ERK A RF G FOUH BB (82171814)
EEBN AU B OO BRI KSR R G CEWAEE AR, o W BRI, AR BT I ek
BWIERG MNP IR Tel: (010)66937349

- 1032 -

Chin Pharm J, 2024 June, Vol.59 No. 11 HhE 2 2E 2k 2024 47 6 H 55 59 55 11 1



2 JIPE e 2 i MR DL AR BT I R v 2 R s
I BRI IR 7 81, il Al 2 G R
Mg et o HIER TSRV 2 B,
KA =B I, 2 T8, 78 NAR R 8 Ry 22
4o (HZ RIS 1 21 A AR 5, DR st e Y
B ] PRI SE R BT A LR IR R] 375 38 20T R A 1 S
PEREANCAZHTIR o DR, PE 6 24 9 4 79 2 A
A 2 IR P Y OB

FETRR T 3E % R 40 O 0 57 75 5 AR RN
2 M 3 BN 4 K 6 % R 4 H i P ek
J3Z 10 2 I 0T AR RN I T3 44 2K AL (lipid nanoparticle,
LNP) , LNP J&—Ff "7z H T4 A% TR W) ot 126 1% 22 4
JRLER AR OK A, eh R Fe g B B 1 IR o v Al B
i REL [ SR 2 AR B R B A A
LNP 1y de K X AE TR 2, 8 Bik 2 s B A )y
GR35 J2 T S A 936, A7 26 7K 1 P =S
S5H4 s LNP WA 256 7K 258 J6E, A B, LNP R Sy B 25
TR A 7P A R ) B 4% S A AR TE T
PERJE LI 22 )2 80 4y BT AR BT )2 18], I B 4
A LA B2 7K P 0 v 1k 25 W, 4 s BT I A
R B, I8 3 i A7 R A2 HE 52 P R o Y % T
JT T A 8 0% S K 2 K T (HA A AE R
FEPERL S, 0 3 BB A ) 8, BH 25 B oA A
B PR A EEE T RE 4 (cytotoxic T
lymphocytes, CTL) J5 i FIHT A4 7 A5 J5 T A T b
FIBH B T B AR AR AR J5 36 5% 240 g ( anti-
gen presenting cell , APC ) & [ Y 71 B, ff 22 [B] 45 5
WM EL AR R i EL T DA i B B T B
P B A% TR 4 B BT D, DT B BB AT A R
i, I Ll APC Y4RER L SRR IE
0 (9 22 B, EL A BL U A 26 0 M 2 P A B2
P 7 SR WE B 1 i B 1, 5 SR8 0 4> b B 72 i Jo 44
XU3F )2 b, AT LA e i AR 10 A M I k) 1l
TR T ASOL 2 B R R R G, B R —
Tl i 0 A A 00, 2 A f 9 IR BR Bl TR IR BT A
( monophosphoryl lipid A, MPLA ) 1 QS-21""¢"7)
MPLA J&—Ff DA JIig 228 rb 23 85 Hh ok AR 25 M AT A
Yy, T LARR S PR O APC B Toll #5244 4 (toll-
like receptor 4, TLR4 ) , RHEHEP IR EE M T 40 s
16 S B T «B (NK-kB) 1 #0% A 42 41
PRIF-H 2 5, DT 2 A B i 9 Thi 40 2 ™
0S-21 27 £ M ( Quillaja-saponaria Molina ) %
FERIBCYI 5 21 A4 43, BB IS APC Hr i NOD
FESZAR IR I 45 3R G 35 11 3 (NLRP3) |, B /5 I8

T E 2528 2024 4E 6 H 5 59 5 11 )

T e 282 22 1 -1 (caspase 1) , {3 200 Jfd [Hl -+
Y/ R 18 (IL1R) (ILI8 1 IL33 i I =Ly =
RO TR A 8 R Bk IR 4 L 4 ASO1
V55 Thl Sy 3/ 5005 2 B I 1 CTL iy A= il
F e IR R 6 A5 NG B A B IR
BPPR 220 ELA 084 5 24 250 48 i A g A 5 1 A
F, © 8 R 0 AR 700 RN 25 25 357, 2 7K A 3 2L 591
FAf 3] MF59 1 ASO3 1 E Bk 40>,
ARG IS T B 5 S B 11 S1 WAL 3Z {4
ZELER I X B E S,5047 (NYLYRLFRKSNLKPFER-
DISTE ) ¥4 £ (1) 43 32 22 BRAE R 5 UL I, 36 % B I 4k
VE R S ge i ik 2R G0 b 22 RRE Y, BT A 2 1 AR T
TR AE T T2, 538 2o PP R 38 52 360 %o g I 1Ak ol 5 114
W7 TEATHAL, AL IR iR ik Ty T2 Ry 5
il RS A S A e s O MPLA A QS-21 4/ I Bt (41
A VRO RR TR 22 R 1 A /DN BRAAR P AR TR 9928 N 4
G 2 R, AR AT A I 14 B I AR/ 472 7] 4 938 188 3%

1 #R5EFE=®
L1 350
REZINBEAR (LR ZREREARA ) s B
Z K Sys0um CBGHER VAR DT 254 BRA R 5 JELIE] A |
IR IME ( IR A YRR BRA ) 5 T8
K E M (KRR R 2R BRA R s PBS T8
(L5 A Bl A= RS BR 22 ) s BCA 25 e B
ARG & (DU ARy TRARA ) ;QS-21
1 MPLA (3£ [E InvivoGen 22 F]) ; HRP FRiC 5T
IgG Huik OB A W H AR A BR 2 7)) 5 CD3-FITC
CD4-APC ,CD8a-PE #i{#& ( £ [H Biolegend 2\ 7)) .
Jight 25 KA ( H A YAMATO 24 w)) 5 76 ¥Rk =X
2 P23 58 RN IR A R 7)) 5 i 7 4 e
WRERL TP 2 A R BRA D) 5 v IR B4
(2 [E PhD RHEA BRA ) 5 WOGRLEE 73 A4 (32 =
LhIR A A IR 7)) 5 4 3R A BB (Leica 24
w) ) 5 BER X (Molecular Devices 23wl ) 5 BRI 6 95 BE
s AL (32 [E Cellular Technology 23] ) 5 Ji X4 iy
(£ Beckman Coulter 24 W] ) 5 7 5 i 5~ W i B2
HT7800( HAH LA H) o
L2 JE KRR
L2.1 6z WiBmgg A1 PBS ¥ s oo ik i B
100 % , 8 FHEI 5232 (0R & 19 5, BB Ja 1Y WA
T R, 35 BRSSP 7E R N OER
1.2.2  Hif% L4 EEE(polydispersity index, PDI)
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T Zeta AAZINGE A SEHR R IS S HUREEOR I E
RIFUARRPRAS S AT o IBORRE 10 3515 i S AKE il
R BEFERESECG , i DR B R AR, AR B S
T RIS FEPLAS LI TRy, B T4 s &
AR, I HTIR BUA RIS PDL A Zeta HU{L,

R1FEFAH SR E R SRR N4

L3 JREmir TZmM

FIFH SR R 25 2 0 il 5 i AR rh ] BE X AR BT
R EER I 4 AR A5 7 125 35 48 1 4 1
25, UKLAR 0 A M 2 03 WUR BO VR A8 AR AT 52 5,
HERHNBEMHNE 1,

Tab.1 Design and grouping of single factor experiments for liposome preparation

Factor Group
Membrane material ratio 2:1 3:1 4:1 5:1 6:1
Ultrasonic power/W 20 30 40 50 60
Ultrasonic frequency/time 20 30 40 50 60
High-pressure homogenization time/min 4 5 6 7 8
L3.1 MR e RBOC TR MR, G B0k LA I T 56 0

60 mg JH[EEE 30 mg, & T LM, A 10 mL J5
TK G, BT 0 (5 SV A T 08 D YA, o R0 S
PO RE RIS 28 AL AE 45 CHRIBARM T B
WP B RS . A A Z KPR (2 mg - mL™")
) PBS ¥ 5 mL 1 1% 72 RBEEE R 5 mL 5235 {fi
743 7KAL TR BFL B AR . ARG B TS
PR, RS 20 YR (20 W, TAE 4 s, (a4 4 s, 7K
TR, PR A5 2 1 2 37 AV W T s R 3 AL eh
(100 000 kPa)fi§¥ 4 min 525 HIA, B 1 mL ik
100 £ , I 7 HoRIAR 73 A A2 0 BUR BN
PR3 ] it 1) FH AN AR AR R R 7 B ol

F (90,120 150 180 mg) , 7E HoAth 5% {4 3 A A8
PITE DL AT AR 4 05250, 43000 D 45 4i N I 4
BIARLAR 53 A o
1.3.2 WAEIpRREE DR)E BB Ll
R, FEOR R LA R R AN W LT, 5 R 3
LRUIE SUpNZ I TGN (LY ey D
(30,40 50,60 W) , kST H A 4 525, 4351
E 25 AR AR 3 A F 22 3 B R B

1.3.3 @A REUeEmERE DAL )E i A
Ll B Ty 25 B i AR , e LAt PR 2R AR Y
TEOLT AR S 1 75 Y8k (30,40,50,60 ), 4k 28 F
F7 A 4 25256, 43 700 72 45 410 oL (A R0 A% 43 A Al
1.3.4 S eE e ERE DB S B B AL
bl B P T8 G P OB A AR B, T AR At A
RS AE LR AR R e R 34 T A] (5.6
7.8 min) , QRLEUEITHAY 4 ALSZER 43 B A2 45 410R
FEARLAR 5341 2 3 TR A

1.3.5 il iifegir AR B PR 2 S0 56 0 1k
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Tl o8 3 HEARBTIA, I 5 - 4pRiAs 2203 Bl AR ORI
Zeta HL{7 .
1.4 Jlg JFk B T 9 45 A 90 2%

W R UG 95 AR A5 2 A B o 14 FH 28 1R K itk
17100 57 B R O B 19 1 WROCE % AR M)
L PRRE 3 min, B RTCAAUR R R BR R 1 2 AR 1%
W, PR R 2% WS IR (pH {Eh 7.0) ,
TG 1 min, g f5, 77 5 HL 7 26U ( transmission
electron microscope, TEM ) T 47 & 5 W28 390 5%
7
L5 Jig Uik 40 R o A R
1.5.1 BCA ZEEMREENESELRE OF 25 pL
PRI St R IUAE: & 23 ) T LR o s @) AL
HIIA 200 pL (AR, I35 30 s DA IRIR 534
59,76 37 CHE I E AR 30 min; @K LRV
A B 595 nm K OB %
J£ (OD) L ; @LL BSA FrifEfh i) OD B Ry B (1R as
FIXT R LAY OD (EASENER LA , RIEPRHEM 2, h
LRI X AR R R (pg - mL 7)Y SR
FNFHRE K ODsos ,,, T3EH o AR I 2 K i i i R A
B TR A A R R S BT
1.5.2  (EPREIE  BlE Sl siA T4 C
6 000 r + min "' 50> 20 min, BEERAAR V(mL) A
HIPTELER O A (mg) s IUAFAY_E35 22 IR I vk J32
g p(mg » mL™1) FeAF 1 TR S R A 22 iR
ViR 32 (encapsulation efficiency ,EE) ;

EE(% ) = (1 -pV/A) x100%

1.6 JeRkmf s g

N T B EENR AR AR Rl T A AR 2

P[] il 4 52 U AR B4 7030l ' T 4 A 2S5 C
2524 2435 2024 4E 6 J155 59 B4 11

~A(1)




SR AEAE 0.90 F 180 d, 43 51l 38 o8 L A Wi R
YUORBERL FE AT BT 45 R AT L 4T o
1.7 sk

HUK S OP#EAR 25 mg JHEEE S mg F6f &I 25
mg (55 2 BT 4 IR I QS-21 Je Rl i s QS-21
1 MPLA ,100 pg) % F 5 mL Jo/k ZEEH, i F 5t
P R TE 8 WA, 76 45 CORE S M
JE % 78 AR 2 S G R . A& 2K
PLJR 2 mg % PBS 1 mL A1 1 mL Bl G- 1% 5¢ bk
VTR D T I T 70 /K AL, T L 6 358 BH TR T o
BT PR A, VKK R A 40 (30 W,
TAE4 s, [B18K 4 ), PRS2 1 57 R R T
JEFFHL(100 000 kPa) HJFfEH 6 min 15 2 g FiiA
Susoun + S@ LIPO (7RI QS-21 [ 8 JFAK Sysun +
S+Q@LIPO, ¥ i QS-21 H1 MPLA (¥ g Jit {4
Sisounn +S+M + Q@ LIPO) ,

BU1 mg - mL™ ZRREE 2 mL, A 100 pg QS-
21 RS EIF B 22 BRBE T (Sasoam +QS-21) 6

VB A 1 BALB/ c /INERBB AL A3 1% 5 4L, &
5 HHA 1 Ay as IR RRAL, HoAth 4 41N $E R
B 2 IR LI A (R 2) o LI d /N B4
FESE O R CE R ) s 14 K (s fe s, 7 i
WE ) A B AE 1 8 B R 2 a5 S 4 ROk i 2 Ik
B, SR i o B H 200w, 7E55 2 RN 5E S
J& 14 d ¥ /NERARFE , SR A /N BRI A A A
FH ELISA Fni =C i AR X RE AR R AT AG I . A S 56
W TR ERERY LRI E RS
H .

R2 ek % ROz R BRI SR B it o 4
Tab.2 Design and grouping of experiments for evaluating the

immune effect of liposome peptide vaccine

Group Formula
B Blank Blank control
Q Syso471 +Q Peptide +QS-21
S Sqs0471 +5@ LIPO Peptide + liposome + squalene

SQ Sus0471 +S + Q@ LIPO
SMQ  Sysouz +S+M +Q@LIPO

Peptide + liposome + squalene + QS-21
Peptide + liposome + squalene + MPLA +QS-21

1.8 LR E N E

Z2 KBTI ) I3 e S R 25 AU 1eG S HLr 7Y
T4 B2 B0 5 SR T ELISA YR AG I, ELAAR 1 52 35 20 R
VIR OO S RO & R R @ N =
2 pg - mL™', [A)4EA4> ELISA AR FLH A 0.1 mL,
4 CH®MWE . KH, 7= LFLNE R, HTER S il

T E 2528 2024 4E 6 H 5 59 5 11 )

PE3 R, BIK 3 min(fRIFRYER, TR ; @F M : 4351
LA 0.1 mL B3, 37 CHFRE 1 h,
PRV 3 U QAR : 43 N — & i B A B I AR
0. 1 mL FO#R BERRRE S PSR ME A 0. 1 mL T FiR
SRR R L, B 37 CEE 1 h, YE 3 I
(RIS AL, B X BE L K BHAE XS BE L) o @
B ARPUAA : A RO AL Y, A 0. 1 mlL 3 i 45 B¢ 1)
AR (1:10 000) . 37 CHFH 1 h, Yeik 3 ;G
TR €8« 45 SOVALH A 0. 1 mlL 397 e i
M 3,3",5,5"-PY I BLER R % (TMB) IR, 37 C
WEE SN 10 ~30 min; @Z 1E N : T4 O AL
A 50 pL 92 mol « L™ BiER ; D4k H 22 - F ELISA
M BT B AL L, F 450 nm 4b S LAY OD fA,
URFIN LV FE il OD B T A AL A TE /) BT
OD {E 1Y 2 f5 85 7 S B, Se/NH P OD BN B /)
L 375 5 88 BRIV Ay I3 B A4 B
L9 jeprakmampey T 4 XA A7

7O 4 A B O S R UL TE . A 100 L
JCrE PBS A A A, 430 A i 22 AR e R
CD3-FITC , CD4-APC . CD8a-PE ¥t &, i 5 % &
30 min /5 F 3 000 r + min ™' S S min, 37 BT,
FIA 1 mL PBS 3%k 2 ¥, 55 F 200 ~300 pL @
PBS Bk AU UAE b, i A i X 4 M AR A T A
65 D0 Y 50 40 L
L10 Gt o7 &

fdi ] GraphPad Prism 9. 5 {40} 52 45 B s E AT
GEITE o B, SE IR B I ORI E + R 2
(x £5) FR L0 LR 5 25 00 # , W EL AR
¢ Kig, P <0.05 fRFEEFHAGIFE L,

2 & R
2.1 R AT Y AR R R & RORAE

il R AT 2 9 R BT S MOLIL I L, 7
Py—Jezs o, Sl W ROCIR 7R (8 B R BT R
200 15 L5 , MR B A SORIAR A8 2] AU ERAR INVBURE .

B1 ERESH(A)AEEEHETHE R (B)
Fig. 1 Liposome (A) and its picture under the microscope (B)
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ZRAN KPR E SR, 1 78 PO i o AR - 24
%4 329.7 nm,PDI S 15.0% (K 2) . Ui PT1RAE
AR B ARV IR I — , LA E , (E2 - BRI AR AT 4
R A 0 B 3 A0 ) R A 38 A A T e 1Y
Jg i

A
01 1 10 100 1000 10 000
Particle size/nm
B
200 -150  -100  -50 0 50 100 150 200

Zeta potential/mV

2 JeBUAR AR AT (A) A0 Zeta WAL A7 (B)
Fig. 2 Particle size distribution( A) and Zeta potential distribu-

tion(B) of liposomes

2.2 JEREMLT T M

2.2.1  JEMEHCOREESR  SCERATR UL 3, B R
FELCRRE I, i BAR A RLAR A8 /0N, 2 BEE Ly S0 1,
i SR B - PR A A PRAE U [ A HL e/, AT L

R3FREA AT 6 & 8 5T B R A

61 1 B, BB TR B -S4 RAR SO BT, 25 G 0 2
SYECR BN A3 B 45 Y, SPC 5 Chol /Y L Ry 5+ 1
I 25 i B A B A
2.2.2 HEAEYIRMGERSSIR k4 T, Y
PRI R 30 W K42 162.2 nm, PDI
18. 3% I, T il 4% 1 B8 o 4 S 45 2 B8 P Zh 2R
60 W, Dy 3 A R 5 B0 WO B W o T e, BR A4
FRPRLAR D S, PDT 2y 0. 351, 73 HORE BE LB (A8 R, A
AR & kA
2.2.3  REAUHENTEERSSIR RS T, Y
FEURKICH 40 YK, T g Ay BRAE e . 5256
AR B, S R 60 YCIN, E T R R
HLP A RE G I R P s, AR 5 S5 R AT LU
ok R P TR S BT ) 25 9 B BT A ki A2 F0 PDIT T
15, RN AE N ST AR ] 5 ek R 2 BRI RE Y 5
2.2.4 IR ARG RAE R k6 mIA,
ANTR] 2 AT 95 1 iR B A X A 5 R, XY i R 5T
FIE] Sy 6 min I, B i 45 14 Jig 44 B4R0 AR B /),
PDI dge/ ]y R4 53 A1 Fe A8 53 PR ke e A3 ) g s 44
IF[E] A 6 min,
2.2.5 Dy DRSS R W HGE 3
Vi) 25 (4 B o PRS- 24K 4% 24 132.0 nm (PDI {2y
17.8% Zeta H {351 7y 35. 6 mV , & L 1T A2
K, BEBZ R ARAL D7 T 5, R T,
2.3 R H B RENER
BEHTHLEE T WEAR SR B 2548 ULIET 3, ZrHihE R
U RS EUBRIE  RiAR K/ INE 100 nm 2245

Tab.3 Particle size distribution of liposomes prepared under different membrane material ratios

Membrane material Ultrasonic power Ultrasonic

High-pressure

Mean particle Polydispersity

ratio /W frequency/times homogenization time/min size/nm index (PDI)
2:1 20 20 4 325.8 0.153
3:1 20 20 4 263.7 0. 181
4:1 20 20 4 226.3 0.193
5:1 20 20 4 183.2 0. 186
6:1 20 20 4 195.1 0.181
KA TEBE G FEFETH &N AR A
Tab.4 Particle size distribution of liposomes prepared under different ultrasonic powers
Membrane material Ultrasonic power Ultrasonic High-pressure Mean particle size
ratio /W frequency/times homogenization time/min /nm ol
5:1 20 20 4 181.7 0. 186
5:1 30 20 4 162.2 0.183
5:1 40 20 4 171.4 0.183
5:1 50 20 4 185.9 0.216
5:1 60 20 4 244.4 0. 351
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Tab.5 The experimental data records under different number of ultrasound times

Membrane material Ultrasonic power Ultrasonic High-pressure Mean particle
ratio /W frequency/times homogenization time/min size/nm ol
5:1 30 20 4 162.2 0.183
5:1 30 30 4 154.3 0.192
5:1 30 40 4 143. 1 0.177
5:1 30 50 4 147.5 0. 194
5:1 30 60 4 183.8 0. 220
RO TR w T A &0 T & A U R AR A
Tab. 6 The experimental data records under different high pressure homogenization time
Membrane material Ultrasonic power Ultrasonic High-pressure Mean particle
ratio /W frequency/times homogenization time/min size/nm ol
5:1 30 40 4 143. 1 0.183
5:1 30 40 5 138.3 0.177
5:1 30 40 6 133.1 0.170
5:1 30 40 7 136.5 0. 186
5:1 30 40 8 153.8 0.185

RT RMAFT TZH % 3 MR A RIE SR
Tab.7 Validation results of 3 batches of liposomes prepared by

optimal formulation process

Preparation Mean particle Zeta
PDI
method size/nm potential/mV
Thin film dispersion method 132.4 0. 180 35.3
Thin film dispersion method 130.5 0.174 36.0
Thin film dispersion method 133.2 0. 181 35.6

B3 g fkiE w4 (TEM) 42 1 2 & (1 x 100 000)
Fig.3 TEM detection results of liposomes ( x 100 000)

2.4 FRGBXRENEHENZER

I BCA B 1k Bk 57 1) Nk B 2 ikt
JEbRUE 26 5 24 Y = 0.000 352 5X +0.073 32
(r* =0.997 3) , HOr B A AR e R 2R LI 4

Jg A 22 KBTI R R R 1 mg - mL™ R
1 mL g FRAARIE R Z K 550 BB B L 0. 6 mL,

T E 2528 2024 4E 6 H 5 59 5 11 )

TEBFHRAYL 595 nm Z& 4 K0l 2 VWY OD {2
0.209( i 245 [ 4L OD /) . FZIERAZ KL
JEbR T 2 v] A5 I b T D AR R R
384.9 pg - mL™' HEEF V'=0.6 mL,p =384.9 ug -
mL™",A=1000 pg, AN 1 AR I RN
76.9% o JEBUAXS B 43 B 350, BRA1E
H AR T

Y=0.000 352 5X+0.073 32
0 109973
5 0.6
&
S o4
0.2+
y
0 T T T T 1
0 500 1 000 1500 2000 2500
p (Peptide antigen)/ug-mL"

B4 5 RAE Sisoun BT E th &

Fig. 4 Standard curve of peptide antigen S5, 47,

2.5 MEREBMRIEZFZER

B [FIHE Y 25 4 A 1 TR 0 0] B T 4 25 C
ZME T AEAT 0,90 1180 d JEWREE, RELE T 4 Cl#
A7 BN ARSI AR TG ] I 22 5, P H4ki At JC
AR, TE T 25 °CN BB A R TR I 1] F 3
KOBARBE TR, $& 7 il e BUR AR IS, EURIAR
WA it A o ) S i S R (BT 5 ) o Wl i okt A A
4 T T RIBEAT LA E o
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Fig. 5 Appearance(A) and particle size(B) of liposomes after
0, 90, and 180 d of storage at 4 and 25 C
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