« 7368 « F8 B 20255108 $56% B2 Chinese Traditional and Herbal Drugs 2025 October Vol. 56 No. 20

pH SUR/MBEME T AR B BRUARISIE . RIERX T ENEEEE R
AT R4 E

& W, EHREL EEF, EEE, PEHK MEES IR
1. TR N BB =B, R A 450042

2. MM R —IRER, R AN 450002

3. bBigwih gt s, bilE 201401

i E: BW WE pH BUB/MERIE A ZE P R 4R (pH-sensitive/folic acid-modified resveratrol liposomes, pH/FA-Res-
Lips), FEREATHALMERAIBUMR VR . 753k MM EIAH 42 pH/FA-Res-Lips EEFZM A, {31 Box-Behnken B it-2M i
% (Box-Behnken design-response surface method, BBD-RSM) 4t pH/FA-Res-Lips Ab5 1.2, KA EHM-7T WAal ki
(ultraviolet-visible absorption spectroscopy, UV). {8 BLIMASH21 #5135 (Fourier transform infrared spectroscopy, FT-IR).
%S H T BT (transmission electron microscope, TEMD HHTRAE, #%% pH/FA-Res-Lips 7EAF pH {EBEIR EL 20 (PBS)
FIIREZ5AT N . K MTT 75H1 Annexin V/PI X442 2% pH/FA-Res-Lips X N T 5 PSS Ishikawa 20 1A K301 A A2 04
AT SR Tshikawa 4 HUEE 775 AR AR OB, ) 9 RHIRAL CZEERER/KO FHYEXTIRAL OBigH, 2.0 mg/kg).
AR (15 mg/kg) AZESEENE TR (Res-Lips, 15 mg/kg)+ pH-Res-Lips 20 (15 mg/kg)+ FA-Res-Lips 4 (15 mg/kg)+
pH/FA-Res-Lips {&7f| &2 (10 mg/kg) 1 pH/FA-Res-Lips miiflliE2H (15 mg/kg), L pH/FA-Res-Lips & A HUMIEBIR . 18
b A AR AR AN B 32 B 38 HE e ER VP pH/FA-Res-Lips %41k, 458 pH/FA-Res-Lips e tE4b I A -5 (122 7
FEL N 580 1 1, BlE 5IHERHEL N 5.00 : 1, BEE5 DSPE-PEOz-FA FHE Y 5.30 : 1. pH/FA-Res-Lips “Fiyaidf %
WG, CFYIRAAERM CHRALD AN (85.7411.09) %. (8.77£0.11) %. (192.2545.38) nm Fl (-28.12£1.20) mV. pH/FA-
Res-Lips R0 H 2P REAL 458, HZEPTRES MR B kL (B AR A B4 & 1E H . pH/FA-Res-Lips 4835 2 Z2HLIR . pH/FA-Res-
Lips 7 pH 5.5.6.0 PBS "1 SRR R ey, BAT WIS pH BURHME . MTT 545 R E7R, F 28 A pH/FA-Res-Lips %t Ishikawa
AL EANHIREE (ICs0) 770N 98.14. 48.43 pg/mL, FHH L FAIMIPI T . pH/FA-Res-Lips &3 1] 1 F 5 P B3 1a7 9
ANBRIHRE A K, AR5 B WL SR 35 M R %, pH/FA-Res-Lips (15 mg/kg) #4 A EE (15 mg/kg) R 17.35% 2 66.67%-
pH/FA-Res-Lips AR X8 /N A A E RS F= A5, i 22 &R . 4518 pH/FA-Res-Lips & 8 82w 7 AR EEDUIMRAE
H, Rkt — B TF R TR 25t T SEBRARARE .

kHEIR: B pH BUR: MR FEMNBYE: PuUE: eI

FESHES: R283.6 NHRFRERE: A NEHS: 0253 - 2670(2025)20 - 7368 - 16

DOI: 10.7501/5.issn.0253-2670.2025.20.010

Preparation, characterization of pH-sensitive/folic acid-modified resveratrol
liposomes and its inhibitory effects on tumor of endometrial cancer-bearing mice

GAO Juan', LI Weihong!, LI Xiufen', DONG Yingying'!, HU Fudong?, HAO Haijun’, WANG Fengyun'
1. Henan Vocational College of Applied Technology, Zhengzhou 450042, China

2. The First Affiliated Hospital of Zhengzhou University, Zhengzhou 450002, China

3. Shanghai Institute of Chinese Medicine, Shanghai 201401, China

Abstract: Objective The pH-sensitive/folic acid-modified resveratrol liposomes (pH/FA-Res-Lips) was prepared, its physicochemical

properties and antitumor effects were also studied. Methods The main influencing factors of pH/FA-Res-Lips were investigated by
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single factor experiments, Box-Behnken response-surface design method (BBD-RSM) was employed to optimize prescriptions of
pH/FA-Res-Lips. pH/FA-Res-Lips was characterized by ultraviolet-visible absorption spectroscopy (UV), Fourier transform infrared
spectroscopy (FT-IR) and transmission electron microscopy (TEM). Drug release behavior of pH/FA-Res-Lips in phosphate buffer
saline solution (PBS) with different pH values was investigated. MTT method and Annexin V/PI double staining method were used to
investigate the inhibitory and proapoptotic effects of pH/FA-Res-Lips on Ishikawa cells, respectively. Ishikawa cells were used to
establish the mouse model of endometrial cancer, and divided into model control group (normal saline), positive control group
(cisplatin, 2.0 mg/kg), resveratrol group (15 mg/kg), resveratrol liposomes (Res-Lips, 15 mg/kg) group, pH-sensitive resveratrol
liposomes (pH-Res-Lips, 15 mg/kg) group, FA-modified resveratrol liposomes (FA-Res-Lips, 15 mg/kg) group, low-dose pH/FA-Res-
Lips (10 mg/kg) group and high-dose pH/FA-Res-Lips (15 mg/kg) group, the in vivo antitumor effects of pH/FA-Res-Lips were
compared. Safety evaluation of pH/FA-Res-Lips was performed by blood biochemical indexes and HE staining of the main organs of
mice. Results Optimal formulation of pH/FA-Res-Lips nanoparticles as follows: phospholipids to resveratrol ratio was 5.80:1,
phospholipids to cholesterol ratio was 5.00:1, and phospholipids to DSPE-PEOz-FA ratio was 5.30:1. Average envelopment efficiency,
drug loading, particle size and { potential were (85.74 + 1.13)%, (8.77 + 0.16)%, (192.25 + 7.61) nm and (—28.12 £ 1.20) mV,
respectively. pH/FA-Res-Lips did not affect the structure of resveratrol, and there was a hydrogen bond complexation between
resveratrol and lipid materials. The appearance of pH/FA-Res-Lips was vesicular. pH/FA-Res-Lips existed higher cumulative release
in PBS of pH 5.5 and 6.0, which demonstrated that pH/FA-Res-Lips had obvious pH-sensitivity. MTT method results showed that IC50
of resveratrol and pH/FA-Res-Lips on Ishikawa cells were 98.14, 48.43 pg/mL, respectively, and effectively induced apoptosis of
Ishikawa cells. pH/FA-Res-Lips significantly inhibited the tumor growth of endometrial cancer-bearing mice, and there was no
significant decrease in body weight. pH/FA-Res-Lips (15 mg/kg) increased the tumor inhibition rate of resveratrol (15 mg/kg) from
17.35% to 66.67%. pH/FA-Res-Lips did not affect the organs of tumor-bearing mice, which showed that the safety was relatively high.
Conclusion pH/FA-Res-Lips significantly enhanced the anti-tumor efficacy of resveratrol, which had the potential to be developed
into an antitumor drug.
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2 (X+s,n=3)

Table 1 Effects of phospholipids and resveratrol amounts

ratio on envelopment efficiency, drug loading and particle

size(Xts,n=3)

IS Ol
I
o1 42171094 6.47%0.18 206.46+12.11
1 60.61+1.03 7.03£0.10 213.13+8.24
1 77.94+1.19 8.69+£0.20 208.85+8.94
o1 78.10+£0.97 7.661+0.17 224.70+10.27
1 78.27+£1.16 6.931+0.15 256.16+13.02
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Table 2 Effects of phospholipids to cholesterol amounts

BEERY%  BAGEY% i 42 /mm

0 N N W s

ratio on envelopment efficiency, drug loading and particle

size(X+s,n=3)

8 -5 LT

29,
IR L A3 /%

BB/ Y% P /mm

1 60.84+1.08 6.21%£0.23 262.96+10.43
1 71.18+£0.94 7.77x0.15 236.23%9.83
o1 7843+1.07 8.73+0.16 210.41%11.05
1 75.71+1.26 8.49+0.24 214.51%£13.17
1 69.76 +1.33

N N L bW

7.96+0.13 211.97+9.69
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. W55 DSPE-PEOz-FA H& Ly 51 1
R EAN R, RN, #CAp
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Table 3 Effects of phospholipids to DSPE-PEQz-FA

amounts ratio on envelopment efficiency, drug loading and

particle size (X £ s, n=3)

Wi s 5 DSPE-
WEE/ Y% BAE/Y% K4 /mm
PEOZFAM&LI e i
3 56.814+1.00 5434021 264.55+13.14

1
401 64.901£0.97 6.64+0.11 243.20+10.79
501 78.25+1.14 8.331+0.14 206.194+9.92
6:1 71.77£0.91 7.80+0.10 207.89+11.73
701 66.56+1.33 7.194+0.15 208.04+8.98

2.5 BBD-RSM fft{t pH/FA-Res-Lips &t 75

251 SERTTR O EFEBHEAM AR AEEREL. 6
JIG 5 JH [ e FH & LU AL IR 5 DSPE-PEOz-FA H & L
3 AIVEN pH/FA-Res-Lips EEFZM K & X1 ~X;, 1R
LR R PR AP E IR 4. A%
WA EAKIE 2 HI1E A pH/FA-Res-Lips Jii 2 bx
Y1~Ys, MK b4 pH/FA-Res-Lips Jli &, ¥
Y1~ Y; #3 h B A F)H —1{H Coverall desirability, OD),
OD {ETHHIIFE R dinax = Mi—Manin)/(Minax—Minin)
115 pH/FA-Res-Lips FIEZ d wus MR d e
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# 4 BBD-RSM REFMER. KEREZRLER (n=3)
Table 4 Influencing factors, levels and investigation results of BBD-RSM test (n = 3)

5 X X X5 BER% BAE% FiEam ODE|FS X1 X X3 SBHEF/% HZGE/% Kife/nm ODE
I 7:1(#)5:1(0) 6:1(+1) 7481 721 24057 0 10 6:15:15:1 8362 872  190.86 0.946
2 6:1(0) 5:1  5:1(0) 8372 857 19316 0909| 11 6:15:15:1 7533 879 19145 0.961
3611  6:1(+1)4:1(-1) 8154 748 22462 0 12 7:14:15:1 7694 684 21463 0.192
4 5:1(-1)4:1(¢-1)5:1 7522 851 19827 0580( 13 7:16:15:1 7726 737 20945 0.426
5 5:1  5:1  4:1 71.94 843 20483 0258] 14 6:15:15:1 8248 864 19497 0.877
6 6:1 6:1  6:1 7487 779 23414 025115 6:14:14:1 7419 728 22797 0231
7 6:1 5:1 5:1 8437 861 19656 0909 16 5:15:16:1 728 823 23376 0211
8 5:1  6:1 5:1 7516 749 21082 051117 6:14:16:1 7545 688  237.02 0.103
9 7:1 5:1  4:1 7462 677  230.57 0

KH drmin=(Minax — M)/ (Mmax— Mumin) 115 pH/FA-Res- R5 BHESESW

Lips KitR d s, FoH Miy Muax T Mimin 2371 9 5230 Table 5 Variance analysis of encapsulation rate

18 B KAE AN B IME s OD=(d i X d iz X d wiie) it H IR HHE B Fil PiE

AFRE AR 2, #2). Rife K OD A4 3 B 2.09 9 023 102.71 <0.000 1

%4, X 0.11 1 011 4920  0.0002

2.5 *ﬁﬂ?ﬂ%%ﬁ%%*ﬁ 'fi)zﬁ Design ExpertV X2 821X10™* 1 821X10* 036 0.5654

12.0.1 HHEX pH/FA-Res-Lips &3P OD /7 Xs 7.19%10% 1 7.19X10* 032 05902

W4, 0D £7E KB OD=0800+0.068 . o Lo 10001

N XX 559%X10% 1 559X10% 025 0.634 1

X1—0.140 X;—0.110 X5—0.057 X1.X>—0.130 X\ X5+ XoXs 0.04 1 004 1587 00053

3.840X 1073 XoX3—0.310 X12—0.200 X2—0.290 X2, yp 0.29 I 029 197,04 <0.000 1

T ENH AR 5, BEARERTTRE PE<0.0001, X2 0.23 1023 100.22 <0.000 1

Tt B Z AR B A 5 3 PR S R R R2 FME IE X3 1.24 1 124 548.17 <0.000 1

ZM Rug? 40509 0.992 5 F1 0.982 8, AR BKE 002 7 226X107

SERIE (2 R REFIIMIYME. OD Heptm A8 001 33T8XU07 33801352

(IR P=0.135 2 (P>0.05), B 4: 5T Qfg‘%% ;"‘I‘ZXW 12 112107

R . B8 FAEEUE AT A e A A2 i & L
XF OD {H 2R EEfe K, #8 P EEUE AT %1 OD £ 7t
RIS XX EA REEER (P<0.05),
Xiv XX X2 X2 X RANEE EZR (P<
0.01).

2.5.3 WM [E5>HT & pH/FA-Res-Lips s fE4E T &
AR S AR R (XD BEAR S H [E i
= (X). #ifE S DSPE-PEOz-FA HH &t (X3)
Xof OD B e S TH] B, 45 58 LI 20 g S T ] 2] 52 4

097 : 1.00 :
<« o
A 0.58: o 045
o S ’
019+ -0.10
5511 e ; 65:1 55:1 -
X 4511 5501 X X3 4501
2

IR , T DA OD A1 7716 B Bt AR o /£ 1 5 pH/FA-
Res-Lips 4b77 N5 OD {f i KAEAE 946 B A%,
BUEJEHY 0~1, 13 pH/FA-Res-Lips i fEALT7 A
RS EESEHER (X)) R~ 57701, BEE5HE
TR (X)) N 4.96 @ 1, #i55 DSPE-PEOz-FA
HE (X3 }5.32:1, Fill OD 15 0.972,
T3, K5 A i R RS
5.80 1 1, WEAR-S5HEIRE A & EL R0 5.00 & 1, AR

S —0.01*

55:1

5511 . :
45:1 X

X 45:1

E 65:1
5501 X

T 2SR E=%E

Fig.2 Three-dimensional plots of independent factors and response values
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Lj DSPE-PEOz-FA H & LiA% )y 5.30 © 1.

254 LZIIF %8 “2.537 TRt AT
il %% 3 it pH/FA-Res-Lips, Ml @ HAE %, #H=.
FiEF OD H, 455k 6 i, “FIaE%R, &
2B AR 79 (85.7411.09) % (8.77+0.11)%
A1 (192.254+5.38) nm, OD fHA 0.969+0.004. #R
PN OD fH (0.978), Ll OD fELAH XS i 2 4
—0.92%, iBAEE S [1) OD {H £ A AR T 1 R 47,
A FT pH/FA-Res-Lips &b 75 T 258, 57ill1S pH/
FA-Res-Lips ] ¢ AL (—28.124+1.20) mV.

®6 FWIELSR

Table 6 Prescription verification results

bk BEF%  BZE/%  Kff/mm  ODH
F1dt 86.74 8.89 197.54 0.973
4l 84.58 8.67 186.79 0.965
34t 85.91 8.75 192.42 0.970

2.6 pH/FA-Res-Lips ¢4 4

2.6.1 UV 7t BUEEBEZEF BN pH/FA-Res-
Lips T8 (AEHTHRIPAD, M EEE, T
190~450 nm W HEATFIHE. 45 B LK 3, pH/FA-Res-
Lips 4 5 A 22 A A R, Ui H 22
P g5 DSPE-PEOz-FA . T g Al AH [& B2 2 )54 T2
BSOS 28, AR A SR AR R R A AR, A
FAESLYOPES R

2.6.2 FT-IR 43#T  FT-IR K264 FAFEIRECN 16
W, FRTEHEN 400~4000cm™, RN 4em™!.
AR IHE L. B85 DSPE-PEOz-FA. ¥)#
A (H 254k ] [F] pH/FA-Res-Lips)

A1 pH/FA-Res-Lips i& e, %M 11100 fiE DA
KBr W41 )5 [EF, FEfm A ZU2E R, A
FT-IR R4 LK 4. 78 H 2B FT-IR B,
3207.77 em ! AbWR SO0 H Iy PR R 51 AT -OH 4 ik

NS
W

l‘l90 240 2“)0 3210 390 4;10
Alnm
3 HZEEAEES pH/FA-Res-Lips S5MNRUBEIE
Fig. 3 UV absorption spectroscopy of resveratrol and
pH/FA-Res-Lips

51, 1588.09. 1509.11 cm™! AbMR IS I Y (4 32 P BE 2
W E C=C h4aiRah 5] k28, /&£ DSPE-PEOz-FA 1]
FT-IR i1, 1 033.78 cm™! AW Uil & DSPE &
Hl b P=0 BFFHESRSNE, 1 607.19 e bR
I J&: i1 PEOz £ [ b C=N {4541 DSPE 3
Bl E C=0 h4ifRzhIEES/E—#L; 1 735.74 cm™!
A WA e SR TR 3 4] b -NHL, PR 45 FR S W AT I , H1F
H] DSPE-PEOz-FA /& H DSPE. PEOz Fli R3[4
PR TFREY. MIREYN FT-IR EREY
R, EE R, B A DSPE-PEOz-FA MUK
W f%) 157 B85 N . 7 pH/FA-Res-Lips [ FT-IR &,
HEE P RELE 3 207.77 em ! AL FIUFAE R 0 S 2%
1 607.19 cm ' AR g R AE AT RS, (R, AR 22
Pl 5 pH/FA-Res-Lips HZEM 2 (B A7 /E B4 5 1F
. %4, pH/FA-Res-Lips [f] FT-IR it 54#R
HYIH FT-IR B AFAEECRZ 7, 1B pH/FA-Res-
Lips FfE2 B 2 I 5 B (0 W RR A4

wmmem M

R

JIE T
WWW

4 dOO I 3 200 I 2 400 ' 1 6'00 I 860
viem™
4 BFERBYLDINEIEE
Fig. 4 FT-IR spectrum of each sample

2.7 Res-Lips. pH-Res-Lips #1 FA-Res-Lips A%l
B RIBUMREEER

271 AR B G & SO R E BRASI
DSPE-PEOz-FA 4}, 4% pH/FA-Res-Lips &b
T2 Res-Lips; 43%%H DSPE-PEG-FA #i
DSPE-PEOz, % pH/FA-Res-Lips 4t 77 L. 24> ]
7% FA-Res-Lips fll pH-Res-Lipso K &g i AR 1R =
WA ERMIE S 2mLAR), F-60 CHEMKIR
VKFETG 3d, SERPT-30 CHTHLA, 3dJEHUH
RIS T80 U & 1 227 i J5URH 24 | Res-Lips. pH-
Res-Lips. FA-Res-Lips il pH/FA-Res-Lips %7 &
TZEBKA OREAA 247005, 8 15min, T
25 CRKI S EE 2d, 8000 r/min B0y (B0
F42 N 6.4 cm) 6min, HU IEWN EERIE . 45
(K7 IR, BEPSEEERZERENCN (47.66
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#x7 BNERESTHERILER (X+s,n=3)
Table 7 Comparison of various indicators of various liposomes (X + s, n = 3)

FE HREE /(ugmL™") R/ % WEGRI% FifE/mm PDIE CELA7/mV
Res-Lips 411.71%+4.16 81.53+£0.94 9.02+0.13 186.71+8.13 0.114£0.011 —28.65+1.29
pH-Res-Lips 419.324+3.25 84.07+0.82 8.824+0.19 191.94+6.17 0.119£0.013 -27.80+1.01
FA-Res-Lips 415.94+3.37 83.62+1.33 8.74%0.10 189.22+7.62 0.106£0.009 —27.124+0.94
pH/FA-Res-Lips 423.60+3.82 85.43+1.07 8.70+0.15 193.36+7.74 0.121£0.013 —26.871+1.03

0.70) ug/mL, FANR BRI KL R T A2 B
(AR

272 HARFAGAE R, HAGE. hASSTHE
PRI S IUEFRIESS R WK 7. Res-Lips £
%K T pH-Res-Lips. FA-Res-Lips £ pH/FA-Res-
Lips, AJRE5 R REE M PEOz M K17,
fE— R B TR E Y, RN kLA
A1 PDI W% K F Res-Lips. pH-Res-Lips. FA-Res-Lips
A1 pH/FA-Res-Lips 281K T Res-Lips, X54L77
hEI AN ERBWMEA R, A4 EHMRT
Res-Lips, 7] B8/ IR i fA K [ 1211 PEOz FH PR Jk [4]
X BT A € BBl E T AR AR AR
YA C AL S L 5-AL B

Iy == Res-lips
A ] FA-Res-Lips
- pH-Res-lips
— pH/FA-Res-lips
Fii |
1 10 100 1000 10 000
Hif%/mm
== Res-lips
B FA-Res-Lips
------ pH-Res-lips
— pH/FA-Res-lips
—-150 50 150
¢ Ffr/mvV
M5 S ERIRE (A) & CBE B)

Fig. 5 Particle size (A) and { potential (B) of liposomes
273 HAEFAN TEM W%E B Res-Lips 1R &
W IMANZEALKFRRE 50 £, IRECER M L, InA
L5% SR AN Lt )5 F AR, T TEM R W% Res-
Lips M JESR, [FV%KH TEM ¥4 pH-Res-Lips.
FA-Res-Lips Al pH/FA-Res-Lips T£5i. 455 WLIK 6,
Res-LipspH-Res-Lips+ FA-Res-Lips I pH/FA-Res-
Lips B N3 IES .

2.7.4  FAEFUATEAR pH A BT IR 4T A L
% HX pH/FA-Res-Lips TR 2K (2 SEES 84 10
mg) FEEHTAE R AHXS 7> T & 8000, 7-HliN

6 Res-Lips (A). pH-Res-Lips (B). FA-Res-Lips (C)
#1 pH/FA-Res-Lips (D) B TEM
Fig. 6 TEM of Res-Lips (A), pH-Res-Lips (B), FA-Res-
Lips (C) and pH/FA-Res-Lips (D)

APpHS5.5. 6.0, 6.8, 7.4PBS5SmL, JE R4k BT
WAL RN B, & T 1000 mL.
(37.0£0.2) CHIZ BRI Fh, FIER R E N
75 v/min. 4+ %1F 0.5, 1.0, 2.0, 4.0, 6.0 9.0, 12.0,
18.0. 24.0. 36.0. 48.0h HUFf 5mL, FE37RIFMIN=
A5 S mL, IERE M 2R S &, TR
I s SR AR

[i]7£:% %% Res-LipspH-Res-Lips Il FA-Res-Lips
£ pH 5.0, 5.5, 6.0, 6.8PBS RN, RN
7. B8% pH {EHMII/DN, pH/FA-Res-Lips 1 pH-
Res-Lips B 248 2 MR TR LR MG R, FES5 R
Jiih (pH 5.5+ 6.0) BEZG I EL R, 4IEW] pH/FA-Res-
Lips £ pH-Res-Lips F A pH BUZ 3], 1ff FA-Res-
Lips FI Res-Lips 14 7ME 24 J0 B 2 1) pH Uk

B R G T RE R 8, RN 4
Flt i BRARRE 2547 M3 5 Weibull B4 FE Fe i
2.8 Res-Lips #1 pH/FA-Res-Lips ;& MiX 3%
2.8.1 2%ZLANMEI IR HUEER Balb/c /MR
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100 7

80 1

60 1

40 A

BRI %

20 1

t/h
100 1

FRUBIE %

0® T T T T T T T 1

0 12 24 36 48
t/h

100 7

80 1

60 A

40 1

BRI Y%

20 1

100 7

RPVBEIE /%

0 12 24 36 48
t/h

7 pH/FA-Res-Lips (A). pH-Res-Lips (B). FA-Res-Lips (C) #1 Res-Lips (D) ZEA[E] pH {& PBS FR{FsM Rt
(X+s,n=06)
Fig. 7 In vitro release curves of pH/FA-Res-Lips (A), pH-Res-Lips (B), FA-Res-Lips (C) and Res-Lips (D) in PBS with
different pH values (X £ 5, n=6)
*8 RBARBENMBXRH

Table 8 Release model and coefficient

BN A FipH{E Weibul I 440 & 5 72 R

e A FipH{E Weibul B R 1) & 5 72 R

Res-Lips pH 5.5 PBS Inln[1/(1—M/M-)]=0.649 8 Int—1.751 5 0.993 4
PH 6.0 PBS InIn[1/(1—My/M=)]=0.646 6 Int—1.917 2 0.996 4

pH 6.8 PBS Inln[1/(1—My/M-)]=0.629 2 Int—2.100 3 0.993 6

pH 7.4 PBS Inln[1/(1—MyM-)]=0.652 9 Int—2.365 8 0.995 1

pH-Res- pH 5.5 PBS InIn[1/(1—M/M)]=0.430 9 Int—2.512 6 0.975 7
Lips  pH 6.0 PBS Inln[1/(1—M/M-)]=0.413 6 In—2.251 3 0.979 8
pH 6.8 PBS Inln[1/(1—M/M-)]=0.693 9 Int—1.862 9 0.982 6

pH 7.4 PBS Inln[1/(1—M/M)]=0683 3 Int—1.285 3 0.9902

1=
1=
]
]
]
]

pH/FA- pH 5.5 PBS Inln

FA-Res- pH 5.5 PBS InIn[1/(1—M/Mx)]=0.710 1 Int—1.216 2 0.976 7

[
Lips  pH 6.0 PBS InIn[1/(1—M/Mx)]=0.760 4 Int—1.883 4 0.998 9
pH 6.8 PBS InIn[1/(1—M/Mx)]=0.605 4 Int—1.841 5 0.969 5

pH 7.4 PBS Inln[1/(1—M/M=)]=0.598 1 Int—1.589 3 0.986 9
[1/(1—M/M=)]=0.710 1 Int—1.216 2 0.936 7

Res-  pH 6.0 PBS InIn[1/(1—M/Mx)]=0.760 4 Int—1.883 4 0.998 9
Lips  pH 6.8 PBS InIn[1/(1—M/Mx)]=0395 7 Int—2.024 3 0.988 3
pH 7.4 PBS Inln[1/(1—M/M.)]=0.398 5 Int—2.279 6 0.974 4

MR ¢ W B RV IR, Mo oot REVEEIICE, MM ¢ WA AR E 40 %R .

M, and M., are the cumulative release rate at time ¢ and oo, M,/M,, is the cumulative release percentage at time 7.

1 R, ip 1%K B 2R 0.2 mL, HRHE S ## ik A
Heifi 0.5 mL BT &0+, i 10 mL B K
V847, 1500 t/min B50> 3 min, WCEELLLIMYIGE,
R E LB . Oy, RAERE
IKFRREBC SRR BN 2% diusk, BT
8 ‘CUKFH.

282 WI7VE B8 MNEGLE, alinA 2%4L
Y B 5.0 mL, 1~6 %* %%UJJD)\KIEHMRE‘J
Res-Lips JRZW, MMAGEEAIRAK, A

SmL, 7 58N 5.0 mL AEHEHK (FAHETERD,

5E ""ﬂu)\ 5.0 mL 2fifb/K CPHTEXTED,  [Fi%EH] &
pH—Res—Llps\ FA-Res-Lips. pH/FA-Res-Lips %3k
WFEdh. BEADLRBAEME T 37 CHEEKBINE
1h, L3000 r/min #0> 3min, T440-7] W53600
BETE 416 nm PCKMEPOLE () H, THEHFI K,
SERNA 9, FMRFAIEIMZEYNT 5%, EE iv
ERTP

A=A wn—A wee)/ (A e — A i)
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Fx9 BRI RER
Table 9 Design and results of hemolysis test
P 2% AESARRY  ARERERAK bk BRI/ T2/ %
i /mL mL mL mL (ugmL™") Res-Lips pH-Res-Lips FA-Res-Lips pH/FA-Res-Lips
1 5.0 0.1 4.9 0.0 75.0 1.88 1.26 1.57 1.43
2 5.0 0.2 4.8 0.0 150.0 1.92 1.75 1.80 1.45
3 5.0 0.4 4.6 0.0 300.0 2.13 1.29 1.89 1.69
4 5.0 0.8 4.2 0.0 600.0 2.72 1.89 2.11 1.93
5 5.0 1.6 3.4 0.0 1200.0 2.79 2.50 2.34 2.42
6 5.0 32 1.8 0.0 2 400.0 2.98 3.01 2.76 2.68
7 5.0 0.0 5.0 0.0 0.0 0.20 0.24 0.23 0.24
8 5.0 0.0 0.0 5.0 0.0 100.00 100.00 100.00 100.00

2.9 pH/FA-Res-Lips F T H0H| & RIBEMER

pH/FA-Res-Lips /& A8 58 [ E s 42, #06f pH/
FA-Res-Lips # T-#5 il £ 1.2 K Aa e it 47 75 %2,
SR SR FH KBS il ot B 2 BN 15% 3% OR3P 711 ¥
WA BERE R LL Y 10 D, AR 1 2
BN pH/FA-Res-Lips 1R &, #RZGIES . INZE MK
s QmLfD, F-60 CHARIRIKFETE 3d,
BNE F-30 ‘Ci%T-HLH, 3 d i B H B 43 pH/FA-Res-
Lips % T-#} . [F¥EH] 4% Res-Lips T8y, ZM0 LA
8, pH/FA-Res-Lips 1 Res-Lips % T3 #F v,
R

# pH/FA-Res-Lips 1 Res-Lips % T4 437 & T

#] 8 Res-Lips (A) XEFT# (B) #1 pH/FA-Res-Lips
(O) REETF#H (D) 583
Fig. 8 Appearance of Res-Lips (A) and its lyophilized
powder (B), pH/FA-Res-Lips (C) and its lyophilized
powder (D)

VEE 60%. JELEE 30 CHEEAEEAS T, 48 0. 1.
2. 3. 6 JHUFE, BIEE 500 E I E Rift CH
7, 58K 10, pH/FA-Res-Lips I THE 6 4
HIEBHZRIKT 80%, Rifzdi/hT 200nm,
pH/FA-Res-Lips PAURT-H R 1 47 I Ao e ML=y o
Res-Lips 5 THTE 6 N H G EEZEILT 80%, Fi
Z4%EIE 250 nm, R Res-Lips 14 T-0) il £ 52 & MK
T pH/FA-Res-Lips % T-#1, T Ge/2 pH/FA-Res-Lips
F N B R EEAB R A G N T R A Ok,

2.10 {ASMTAhESELE

2.10.1 FE N Ishikawa 20577 K AR Sh IR
Y AE AL 5 R Ishikawa 40 fERTH
- BR 52 A S ik U4, ORI AR R IR
¥ B N B Ishikawa 410, B T5 10%[6 45 1%
J¢ 100 U/mL 75 % 2 . 100 U/mL 555 & ) RPMI 1640
BRI ) B BE A 2.0 X 108 N/mL (40 ff B 4
FZ L 100 uL BFP & 96 FLAR, BT 5% C02.37 C
[FRE IR 40 N5 97 48 ho R B FRIBRVRE L i AN 7] J5d
IR R R LSRR 250, wETA
Y (15553E.0.5% MTT Al DMSO) . 4} B 41 (Ishikawa
. £5953E. 0.5% MTT Al DMSO). A2 24
Res-Lips 4. pH-Res-Lips 41+ FA-Res-Lips ZH A pH/
FA-Res-Lips 4, 227l J &/ G A4 45 25 40 5 =

210 pH/FA-Res-Lips 1 Res-Lips ‘FF#iaEMEEER (X+£s,n=3)
Table 10 Results of lyophilized powder of pH/FA-Res-Lips and Res-Lips stability study (X = s, n =3)

pH/FA-Res-Lipsi%T-#)

Res-Lipsi% T4}

" BE % AR/ % RiA/nm % AR/ % Rife/nm
0 83.80+1.06 8.56+0.12 195.24+9.19 77.71£0.96 8.23+0.14 204.824+9.11
1 83.41£1.11 8.53+0.16 196.08+10.01 77.5241.30 8.13+0.17 206.11+11.24
2 82.77£0.93 8.37£0.10 193.33+8.52 76.80+0.98 8.01+0.13 213.75+13.25
3 82.62+1.07 8.40+0.18 195.94+8.98 76.02+1.17 7.98+0.08 215.03+12.56
6 82.15+0.89 8.29+0.23 198.80+10.21 74.64+1.24 7.75£0.10 243.87+16.08
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WREEA N 200 704 120 pg/mL, FFRERER 6
2. WE 72h JFa A4 IR K S AR
WIhN 0.5% MTT VW 20 uL, W H 4h, FEERHIRM,
43I0 150 uL DMSO, &% J5 £ 490 nm BghriX I
MERIE (4D, THHEMMAER. SR ILE 11,
227 lE. Res-Lips. pH-Res-Lips. FA-Res-Lips #/l
pH/FA-Res-Lips X Ishikawa 2 Jfd (1) 204 vk fE
(ICs0) 431N 98.14. 75.14. 71.06. 72.90. 48.43
ng/mL, B 2 WK 5 A IR T AR 35 m Y i 1 22

BEAEREZNERIAST Ishikawa ZHAEE9HDHI{E
B (Xts,n=6)

Table 11 Inhibitory effects of resveratrol and its various

=1

liposomes on Ishikawa cells (X £ s, n = 3)

PG E R, M pH/FA-Res-Lips ) ICso {H#
/N, R PR T M B R
MMAFIE R =4 g —A 20)/(A ss—A 211)

2.10.2 AR RE IR A T O A K
Ishikawa AT 6 FLAR, HFFL 2.0X 100, H
5% COy. 37 CEFFFNIETE 24h. WETHA (55
7 DMSO). HEFEE4 . Res-Lips 4. pH-Res-Lips
2. FA-Res-Lips 41 H1 pH/FA-Res-Lips 41, %5 48
h, HEEAHARE R EIREN 70 ng/mL. ff
F1JG EDTA @ i A IR 4 i, 3 000 r/min
B (BEOEREN64cm) Smin, FELIER,
PBS i& /G FK 3 000 r/min S0 (BOEE N 6.4
cm) 5 min, FEEiFEW. INEE2% (binding
buffer) 100 pL &, HIA FITC ##icH] Annexin-V

‘ AAE /% o ’ .
Ea - - - 10 uL, B TFE 30 min, JHNMAL A BE
20 ugmL™" 70 pgmL™' 120 pgmL™! S o ' s
SE9] 9LI1£1.85 70.05+1.93 42.92+2.41 (pmpldlum“’dfe’ PD 5 uL ¥ 8 > min, e &2k
Res-Lips 86194094 5877+1.13 36564176 1L S00 L, ALEMEFT TS BORI . 4R L
pH-Res-Lips ~ 81.80+1.17 50.16+1.90 31.2242.11 9, HEFREHITIRN 27.48%, RJEEPTEEA
FA-Res-Lips ~ 83.54+1.04 51594187 29.66+2.52 B H A — 2T AEH . Res-Lips. pH-Res-Lips-
pH/FA-Res-Lips 80.06+1.16 43.54+193 18.03+141 FA-Res-Lips I pH/FA-Res-Lips 2140 i =% 53 5
=] P 2 Res-Lips
1073 1.56% 5.87% | 1073 0.27% 23.50% 107-_: 5.69% 31.20%
A i i
106 <
10° =
1041
10° - |
90.85% 1.72% E‘ 72.25% 3.98% ] 54.45% 8.66%
[ N T L R I R L R L A L | I R L e L R
10* 10° 10° 107 10* 10° 10¢ 107 10* 10° 106 107
=
pH-Res-Lips FA-Res-Lips pH/FA-Res-Lips
35.20%

107 2 8.25% 33.70% 107'_; 7.15%

100 = 106

3430% | 1073 1.10%

105+

10% %,

103

10.00% 48.62%
Qi i 102 AP,
10° 10 106 107 10 10°

T

9.93%

10° 107

FITC

9 BEAEBEREZNMERIEXT Ishikawa (AAUET-HIRN

Fig. 9 Effects of resveratrol and its various liposomes on Ishikawa cell apoptosis
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BIINZ 39.86%. 43.70%- 44.23%F1 55.20%, iEH
PR S AR AR — 2D B 5R T puMEE R, (H
pH/FA-Res-Lips 1F FH 55 »

2.11 pH/FA-Res-Lips &R HTBhIE SE16

2111 REAERY L HY Balb/e N, T4 sc
Ishikawa 40 ffl 23 0.1 mL (2.0X10°4~/mL), #3r
TE IR TR N R, BERh 1 A, fERERNER
A7t IR R sl T ke (R e, 5L 70% A
P, iebs R RIEK (o) FAITE (b)), JEHLA
(V) =nab*6, HEIEAAAEFIL) 150 mm? (116798
INERIIEAT JE RS

2112 SEERTR 48 R/ RBENL K 8 41,
BPRE Y20 (AEEEER KD PHMEXTIRZL Oi4H, 2.0
mg/kg). FEFEEA (15mg/kg). Res-Lips 4 (15
mg/kg). pH-Res-Lips 4 (15 mg/kg). FA-Res-Lips
21 (15mg/kg). pH/FA-Res-Lips fi& (10 mg/kg) #
pH/FA-Res-Lips #7824 (15 mg/kg) B, 42 K ip
25 1R, HIES T k. JAATRE/NRIEZ R 2
KIGAFCATIRE /NG, A BB, Hi JE A A

SRR, THE R A R MR A

AP 2R = 1 — LA 25 4 T3P0 o /A TR L P 4400 R

g e = R R A T

IR P46 2 = PR R A o
2113 SEERZESR iR /N BRCE B AN IS TE] A SR
PRSI L 12, SRR LK 13, KRG
iR RN 100 BRI /N BB R BG K B PR,
14 d i BB AR BUE (1284.57+261.04) mm?, 1%
PR R I — s ARE R, (AR AR AR A KA
LN RIS -l 1Y 12 S A 1R AN i sl
KGR GE, 4525 12 d Ja MRS (e W35 1 Bl
W2 55 2 M 22 5248 /N (P<<0.05.0.01); 2 14 K Res-
Lips. pH-Res-Lips #1. FA-Res-Lips il pH/FA-Res-
Lips 575490 it & 35 F F#(P<<0.05), pH/FA-
Res-Lips =771 5208 i & 4 S 3 M NP (P<<0.01).
5 Res-Lips (15 mg/kg) #HEL, AHIFFFIE I pH/FA-
Res-Lips JBAFUFI8 i 2500 W 1 72 57 (P<<0.05),
T AH[F] 7 & Res-Lips~pH-Res-Lips 1 FA-Res-Lips 41
TR FEMEZER (P>0.05), 8 pH/FA-Res-Lips &

x12 FAGHEDRMBAREN (X+s,n=6)
Table 12 Tumor volume change of tumor-bearing mice in each group (X £ s,n =6)

L, W B

fei (mgkg) 04 2d 44 6d 84 10d 124 144
g - 154261814 1789211025 244.16119.58 371.28162.80 489.07196.34  733.53%148.97 92591+216.70  1284.57+261.04
I 20 146.90F12.11 169.12433.60 189.73£39.72" 220.04£45.16™ 256.34£46.89" 298.77+62.43" 357.89£7891"  402.98+89.90"
SEO] 150 1623311126 168.45£30.25 221.41£44.09 281.07£56.17 385.79£70.22° 521.64£94.15°  703.02+14820°  819.84%166.91"
Res-Lips 150 156.82£9.25 169.71426.17 198.63£33.29 248.79+46.10° 342.98£72.16° 475.26£96.08" 625.04+136.19™*  694.50%153.38"*
pH-Res-Lips 150 165281113 170.01£32.09 186.17£36.54 223.44£52.15" 309.71£65.04° 42624£89.77  580.09£123.90™*  651.85+158.32"*
FA-Res-Lips 150 158.11£9.04 169.42426.79 180.23£36.02 266.79£49.17° 314.08£63.08" 412.14£82.44™ 563.89+121.31"*  623.071146.99"
pH/FA-Res-Lips  10.0  153.39£13.16 176.401£35.42 225.66144.07 256.19£53.16" 342.93£65.75" 437.99474.92" 523.07£107.90"*  664.51£133.41"*

15.0 156781 11.94 173.23+30.27 212.36£36.90°

207.19+48.73"

288.43156.04"% 339.6264.527% 402.31+81.78™

501.744 104.69"

SRR L *P<<0.05

*P<0.01; 5AFEMEEALE: "P<0.05 *P<0.01; 5 Res-Lips 41ELH:: 4P<<0.05; % 13 [[.

*P<0.05 P <0.01 vs model group; *P < 0.05 *P <0.01 vs resveratrol group; 2P < 0.05 vs Res-Lips group; same as table 13.

®13 FRIMERER (X+s,n=6)

Table 13 Antitumor inhibition rate in vivo (X +s,n=6)

i/

P i L BEg MERY% KRG
(mgkg™)
| - 2194032 - 31774224
I 1 20 040%0.16" 8174 23.50%2.10"
SEIR) 150 1.81+0.24° 1735 30.85+2.29
Res-Lips 150  1.5740.15™ 2831 31.19+1.93
pH-Res-Lips 150 1.40£0.19™ 3607 30.64%2.07
FA-Res-Lips 150 1194012 4566 31.13%+1.86
pH/FA-Res-Lips  10.0  1.24+0.17" 4338 30.25+2.41
150 0.73£025™# 6667 29.9142.17

Kb T iR E R . SE8 /N RO AR5 2 A
Bl . BE A X R EE 2H far 78 /N SR ) AR R AR R B PR T
B (P<0.01), FEBEARERENEREBOR, MHEZES
e 2 88N i Jo A 2 A 788 /0 B PR 4 o R R A B IR
AL (P>0.05), FRIVEHZ /T .

2,114 AR ECNEIERR EOE Y B 6 IR
Balb/c /NRAE N2 (4. 5 20 fmr I8 /0 BROMi iR 20 AN
PRI FE RS R AR 14, 52 ARG, 1820 i i
FRECFI R BUE E 1 T (P<<0.05), T BN
TP TIRE T P H P 2 Ao e £5ORT BT i Hib .
PERFE (P<0.01), FKBAITEDX Sl a8 B PR
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TR “0'00

kA1
15.0 mg'kg™!
Res-Lips
15.0 mg'kg™!
pH-Res-Lips
15.0 mg'kg™!
FA-Res-Lips W0
15.0 mgkg™!
pH/FA-Res-Lips ~
10.0 mg'kg™!
pH/FA-Res-Lips | &
15.0 mg-kg™!
5% 2.0 mgkg™ | @

10 fErfE /MR A B SR

Fig. 10 Tumor appearance of tumor-bearing mice

® 14 FEGTENRREEREEBHLEE (X£s,n=6)
Table 14 Comparison of immune organ index of tumor-

bearing mice in various groups (X £ s, n=6)

7/

B B g i TR+ 4
(mgkg™)
TH - 2.51+£054  6.7940.83
LAY - 2.03+030" 5.77+0.46"
ligss] 2.0 1.13+£0.22*  3.16+0.42*
SEa 15.0 220+027%  6.114+0.58%
Res-Lips 15.0 2.67+037%  6.9540.63%
pH-Res-Lips 15.0 2.62+0.33%  6.86+0.61%
FA-Res-Lips 15.0 2.60+027%  6.9340.49%
pH/FA-Res-Lips 10.0 2.524+0.30%  7.07+0.45%
15.0 2.63+0.38% 7.134+0.47%

52 4L TP<0.05 TP<<0.01; SIALE: #P<0.01.
*P<0.05 *P<0.01 vs blank group; #P <0.01 vs cis-platinum group.

TP 2 77 I B 25 I o A 2L 1) 6 J i 50 R A k48
HELRENEES (P>0.05), UL AZEFEE LA
Jig Jo A2 R A P Iz /N DI

212 REMITFMN

2121 MRAERIRPRRIR B 6 R IEH Balb/c
INEAE R EH . B4/ 40, BL 3 500 t/min
Bl GEO¥4EN 6.8 cm) 15 min, HU_EJEMNE A
RIR DI FL 1 (alanine transaminase, ALT). K%
TR FL % F4 0 (aspartate aminotransferase, AST).
JKZ A (blood urea nitrogen, BUN) FIJLEF, 253
W3 15. ALT. AST. BUN FILEF A R AE B 1k
Ak, B 2h 25T IR R EE

2.12.2 A H&E et 73 i B TR /s BT
e RN B BEFLOE, JF#ET HE B un3Ey)

Fz 15 MRENRIER (X+s,n=6)

Table 15 Blood biochemical indexes (X + s, 7 = 6)

A& AST/ ALT/ BUN/ UL/

GUH
(mgkg!) (UL (UL (mmolL™) (umol-L™")
%A - 166.141£26.05 28.16%3.14 6.04+0.62 37.43+4.13
HAEFE 15.0 159.77+18.24 26.94%2.01 5.9140.56 35.89%1.59
Res-Lips 15.0  154.64+21.26 27.15+1.56 5.89+0.18 36.22+3.36

pH-Res-Lips 150 160.05£15.10 27.56+2.97 5.88£0.46 35.71£4.04
FA-Res-Lips 15.0 162.17£17.97 28.00+3.01 5.97£0.35 35.87£2.73
pH/FA-Res-Lips  15.0  159.83+20.47 27.23£2.78 5.8610.39 36.49%3.15

Fr, %23 Res-Lips. pH-Res-Lips. FA-Res-

Lips 1l pH/FA-Res-Lips (442 2% . 45 5 LK 11,

FNES R B IR, oW RS, AR

SPHANSA IR, Ui W 2 S A IR B A
NIRRT 2R ThRE, RALEMERLT,

3 g

YR 2] R G0 PLIMOR 25 B B % I 2
J7 3, I8 I G 5R 5 IE R B S (enhanced
permeability and retention effect, EPR) 4K 244
SEIBE BN A, RAEEITVE R, a0 AR 5 4K
PRGN ARBEAAR . JEBUIAR. KB EWEDL &
VIAHZS I 22 A PR A 2 I R 3 A 75 06 A2 1Y) R B 4
B, ARSI 9K 35 24 22 e RAE I R B B2
P o B % I ] e i AR IS 1) 2 Ll oy, I R
FH 18t 1 e L[] 2 A= Sy A 1) % 1 I o Ak B A 8 v
(I LE A R Je e b, O HIE T 36 F i SR A& E
SE PN TSTPE 0N

H T DSPE-PEOz-FA BF#% 45 14 51 g BEZ 4 i)
AEABAOTY, [RIE, ASHHF 7] 4 ) pH/FA-Res-Lips
AR AR S e A, R TRk R
KNEFH o A 4b, #1145 pH/FA-Res-Lips I 7K 4k 2% 48 (i
AL TE] . ZKAARARD) AT HAb AR R AN K,
TASHENESE, AT Tl e,

B2y 45 1 87K, pH/FA-Res-Lips 7E pH 5.5 1 6.0
HHRR 25 R R AR A 2 = T pH 6.8 AT 7.4
(R 273 2 F0 RAVREIE , 1IEBH pH/FA-Res-Lips H
H REF pH BUSE . 3X 2 HT pH/FA-Res-Lips &
# vt DSPE-PEOz-FA - PEOz % [ () UK AE 55 i
WEHRAER T, FREREARIEHB T, 5
H 4 & E R R TR AR T, 38 PEOz L[4
IEHAT, HEM5S DSPE-PEOz-FA 45 F g il IR0,
B NRBEZALE, MMl R 25 . 7E S5 EIAEE
1 DSPE-PEOz-FA 25t 2 i 1 5 v, AT BH LB 24
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Fig. 11 HE staining of important organ sections from mice in each group

FEARA RN $E =280

pH/FA-Res-Lips &R 7 KA 548 PTIESE,
WK pH/FA-Res-Lips 75 3 il £ BRI T8 LASE = i
fERRE YRS, TR R R, DLFUBEAE AR TR
7 pH/FA-Res-Lips T Bl FE /)N, X ATRE2 HT
FUERES BRI BT, BRAK TR I TR B R K
fnfdi \ pH/FA-Res-Lips W A5 X7 1 JZ BN, {#
Z A2 UK UAR IR s [R] A 2L bt w4 Ay [ b
J, ARBHIE T pH/FA-Res-Lips 2 [B]JAH H.f@h& A 5
5K, IR e KFRFE - 4ERF T pH/FA-Res-Lips 2544
{EACR F FUREAE N R T OR3P RIS 2R WL AN 1
W, AR . HEREEEA R SRR,
B O BAF I AR TH . S BEERI, 450
PEEH R R A 101 145 pH/FA-Res-Lips
URTA0 B A M — B, HAL 2T R A
HAE AR e /NP0, pH/FA-Res-Lips & T-#1 75 0
AT 6 N ARTEER, A2 AR

PREFR R M, NV pH/FA-Res-Lips % T8}
RAGVERRAE T 5% PRl . pH/FA-Res-Lips 4 T ¥ if
EFa e & T Res-Lips #4183, g5 pH/FA-Res-
Lips 477 5] Ni& & DSPE-PEOz-FA H X, PEOz
BRI % pH/ FA-Res-Lips R 1H J5 #2 4t 1K
2 [ AL BHEY, — 77 A T-BH 1 pH/FA-Res-Lips 2.
[ AH Bl & BR 2, 53— J7 U8 /£ pH/FA-Res-Lips
K5 b Gy d A e 5 R E R, R T
PR E

1 22 74 i 1 Res-Lips #7547 980 /) B
e P A KA AR LSS, Ul A B 245 ROR RE 78 40
KRR, EH e I /N SRR BT R R J5ORT
TRECH LT IR, R AL B A B
FEIEF, 1 pH/FA-Res-Lips J& i E 125, f#H]
ZAMH T TR, FEE AR S TR
/N 51231, 5 Res-Lips pH-Res-Lips 1 FA-Res-Lips
FHLG, pH/FA-Res-Lips tK$E 1 2 B4
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B P e AR /N BROBE BRI AR G, AT RE S B IR G
Wi T pH/FA-Res-Lips 7 M B8 3441 5 B A 74 H
NN R A AR 24-25); [FH pH/FA-Res-Lips B —
SE ) pH U, ﬁ?f%ﬁ%%%(mﬂ~@ﬁ%
R PEIR B R RE R 2512627), S ik R 52 AR A 5 N MG
A pH BUB BERE 24 10 S v A R St MR 2530,
AT BIFHOCHT FEUE SR AR R ST T A2
fi¥ mPEG-PLGA 4K Ki, 14N 23K 46.82%. 7K
SR FH S GRLm 3 T BT, AR AR
9 57.20%. EFUNLPMEE T 2 RS K RS RS
YR BZE R, NI RN 51.05%. M5
M) pH/FA-Res-Lips 14 N HIJR %15 66.67%, 1L
AT . pH/FA-Res-Lips A2 FEIE. AT
B RO AT T RE, R 2R T.

Zi b, AR HR & 454 Box-Behnken 15
-2 B T L %8 ) pH/FA-Res-Lips s {4t 75 T2,
AR KT 80%, WAPEm T RS RIEN PR
W RS, B — ) pH BUZ M . pH/FA-Res-
Lips M RH& s T F 2P B AR ] B 25280, R
WURSA R ThRE, Al 224t T I PR e
SR, [k pH/FA-Res-Lips A 2 4E Nt E
4N T B NS 1R TT, (EAR DI R
9T AHEFTFEEX} pH/FA-Res-Lips il 7 L2, 2L
PEIR - RN AMIUIMR 249 5% . 22 VAN AT T 019,
PRSI R RS 25305 AL AR (A
PEVEAD DU LA AT 5%, D EEA
HH
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