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(FE) BRY o F R B B0 03k K B A7 25 3 33040 K M IR (GA-Cur—PF-Lips) B #1 & T ¥, 9f 3 H I (L T ATRAE
Fik KA LEENEF A GA-Cur-PF-Lips, # 3t # B % % 207 Box-Behnken " [ b ik 5 & T2 AUHE 4 W&
HBMBA, FH IR SUEOE R A BN = 2 A2 | £ 2845 B (polydispersity index, PDI) & Zeta W47, 3 3 EL AR SN HE Vi o 1
THEE ER REIYHRE 8519 mg, EAst 1:9.74, 5445 & 4.5 mg, FAR L 1:40, 78 % 18] 64 min( THE2 s 72 s), #1158
GA-Cur-PF-Lips SN B H A R Bk, FAT 4 THE R X5 ,; T2 % (101.120.25) nm,PDI % 0.170£0.011,Zeta
WAL (0.33320.060) mV, 3 KB 3 F Y 86.65%1.11%, 47 254 3 5y 47.85%+1.02%, B #H % E  1.233%+0.022% ; 1k 5B
EHZBEAE, A LW B A mER, &8 1L W GA-Cur-PF-Lips & # % & K42/ ELoA34, Bismik, L EA — % thg 8
YER, ¥ 1 GA-Cur—PF-Lips ¥ — % #F & 1K 2 5 2 i 0 AT 3 20 35 % 3l
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Preparation and characterization of curcumol and paeoniflorin co—loaded nanoliposomes

modified by glycyrrhetinic acid

ZENG Yingrong, JIANG Wanting, PENG Cheng, LEI Yujing, XIA Xinhua*
College of Pharmacy, Hunan University of Chinese Medicine, Changsha, Hunan 410208, China

(Abstract] Objective To optimize the preparation process of curcumol and paeoniflorin co-loaded nanoliposomes (GA—Cur—
PF-Lips) modified with glycyrrhetinic acid, and to characterize the physicochemical properties. Methods GA—-Cur—PF-Lips were
prepared by ethanol injection, and the preparation process was optimized by single—factor investigation and Box-Behnken response
surface optimization method. The microscopic morphology was observed by transmission electron microscopy, the particle size,
polydispersion index (PDI) and Zeta potential were measured by Malvern laser particle size analyzer, and the release degree and
hemolysis were investigated in vitro. Results The optimum process was as follows: lipid weight was 85.19 mg, the ratio of cholesterol to
phospholipid was 1:9.74, the total dosage was 4.5 mg, the ratio of the guiding molecule to the lipid mass was 1:40 and the
ultrasonic time was 64 min (on for 2 s, off for 2 s). The obtained GA—Cur-PF-Lips were clear with pale blue opalescence, and spherical
in appearance under transmission electron microscope. The average particle size was (101.120.25) nm, the PDI was 0.170+0.011, the
Zeta potential was (0.333+0.060) mV, the encapsulation rate of curcumol was 86.65%=+1.11%, the encapsulation rate of paeoniflorin
was 47.85%+1.02%, the total drug load was 1.233%+0.022%. Its in vitro release presented slow release characteristics, and there was
no obvious hemolysis. Conclusion With high encapsulation rate, small particle size and uniform distribution, the optimized GA-

Cur-PF-Lips have no obvious hemolysis, and have a certain sustained release effect. The experimental findings can lay a foundation
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for the further development of GA—Cur—PF-Lips as a new drug with low toxicity and high efficiency against liver cancer.

(Keywords] curcumol; paeoniflorin; nano liposomes; ethanol injection method; Box-Behnken response surface method;

physicochemical property
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AL J7 Sl e L 23T 1 Ui, LU B R —FP IR
BE e BB T 790 B8 ) 2 Al

1 &

Agilent Technologies 1200 Series =1 R & AH €&
TEAN (3 [ 2B A 7)) Precisa XB 220A K13 #r
K- (Fi 1 Precisa B it 0 B A A H] ) ;01A418 #4
7 AR FE KL SCIENTZ-10N UV TR ML (T
W B 2 A R B A BR S Bl ) ; Zetasizer Nano-
ZS90 VHOCHRLEE A3 AN (Bl H IR SUALER A TR A HD ) 5
ZNCL-G BYBBeRE ) B P (L ST AR A FR
TUTAT]) s RE-52AA BUBERE 76 % # (i ot Ak

R8T ; SPX—250B Hi i i K5 9246 (1 g 28 S0 56
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BN ) 5 JO B LT 4k A il (4L 210624, )7 JH 5 25
YRR RAT) ; O (a4l 558 TEDIA K
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2.1 FARBESATAH B HPLC 5 =0 E
211 EIEFEME (1)FAREE : Zorbax SB-Cjs A1
(250 mmx4.6 mm,5 pm); LA 0.1%8 K -2 G
VSR (40:60) R 3t ShAH s B 210 nm; HEEA
35 C; ik A 1.0 mL/min; #EAEE R 20 pl,

(2) A 254 : Zorbax SB—C s {435 A (250 mmx
4.6 mm,5 pm),LLENE-0.1%W5ER /K (14:86) F i
SR K% K 230 nm; AETRCN 25 °C; N
1.0 mL/min; #FEEH 10 pl,
2.1.2 X B SV R RV TR R e RV T )
HlAs (1) X BRIV R ) 25 A 2 PR R BT R
i ad o, IR AR R AE 1 ml 7% 5 g AOFEREE
XoF BV TR o D R s PR BN 245 %o R, o R s
WA 1 mL & 10 wg BYATZG X BRSS9

(2)25 FXF BEVA T A3t VA 5 B ke R T
(R 4% A AT 0.22 wm TFLIEIES /R A as
XFHR, 25 K HL GA—Cur-PF-Lips 4 1 mL,
PR B (L)) E 22 2 25 mL, 3t 022 pum §
FLUERE, 25  [RIRE D 2 A B2 14 B o MR S VR R [
PET
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PR IFE TSCSE G, S5 R I SR B FAT 251 kG
B RErE VK RSD B/NT 3% £F A
SR IR D AR B A SF- 25 Bl 36 R 101.84% +
0.78% , 3 251 AL [MNISCR SR 101.78%+0.67% , =
D5 % R B v
2.2 fIBPRMEZGEAIE
221 AEEBMNE  SRAHBENENE GA-Cur-
PF-Lips fu % #%HH pH=5 ) PBS 50 mL 1E
BT, W H GA—Cur—PF-Lips 1 mL B ABHT
45 7E 25 C W18 (300 v/min) FiEHT, 4351
T HT 15.30.45.60.90 120,150 180 min i} Bl
Ml ERE e . 55 3R 0, G B TR R E K BT
A0 T H i g R B AT 24 A g T AR S — v
M\ 30~45 min 1], BT NS FRAR B S5 AT H
EIBENFHRIRAS 05 BT 25 s
W2  ULINE TR EE A IR B e AN | it i AT it 1]
4 30~45 min(WLKE 3), EEPRE FIRAKITE
FLER (%) =2 B - 25 1) A 2 i x 100%
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0 3IO GIO 9I0 150 150 1éO
i [8]/min
3 ERTEEE

222 BHEAENE KEB 2 mL GA-Cur-
PF-Lips BT O T 240 2 F s i M, Bk
T 48 h 43T 8, AR, TR A R T
W OBGE T ERER 1 mL FE5 TR )s , %
“LLLT T A A I VR TR A SR BRI AT 24
TR Zha T R &

SR (%) =B R TR T X 100%
2.3 GA-Cur—PF-Lips [#i4%

K H OBEE AN %6 GA—Cur—PF-Lips , F5%F58
BTG 2 mg BT 10 mL SR ER S i (PBS, pH=
5) VR KAR, KEZBR#EAE 80 mg AHIEEE 20 mg,
FAREE 2 mg T 5 mL ICK ZEEPVE RN, K
MR E 60 CAJE A KM, FERE I HFET
(600 r/min) T 60 CHEIEAKA 1 h J5HEREZRRFR %
LT AR (200 W, TAE2 s 52 s)—&Emf
M85 B2, A3 5 0.45.0.22 pmfiALuERE , BR75 [A)
FETT 85 25 BB TR

24 Hl T ERREEEL
24.1 MFERTEELE S R237IF kil
B, 10352 ZAN IR A ] (3.6,.9.12,15 min)
XTRR TR SE , 25 53R Bt e B (] A3
AR I KA, PDI 5 Zeta BN AL AN
AJ 25 FRAR ) A S 8 0 S 1 RS )N 24
BPRMTEREA 6 min I8 S5 KAH , e PR 7
] 3~9 min i — Ak
242 JRFTEMESES @ WS BEEELIR
2 GNEERE A R LA A AR 2.4 30 T
i A 20,40,80,120,160 mg s3Hl#EAT5%¢, 45
FEH Bl N a3 AR AR 2 Bk /N
BOPDI T, Zeta HLL AR SE T 5 5 AR, AR
PR B S  TERR B A 80 mg I P2 fu kst
R A TR bR B IO K AR AL, SO BENR T AE 40~
120 mg it —2Afk .,
243 JAfREMEE Bl 80 mg, KA
J& 55 C, HAtb il £ &R R <2.4.27 300 %31 AR TS He
(BIAR [P 5 K G O BERR B B i L) R 1:6,1:8 ,1:10
1:12 1:14 5y 5lEA T 5 5% 25 R R bt IR Ly
Pl /> (BRI E T B AE G BB T Re ), b A AR S Bk /)
R, PDL SR S/ NS Zeta HLATEARBS A %
K, A B 3RS S UG S5 s/ N R FERR TS B 1:10
ISR BRI, BORIBUIENG L 1:8~1:12 8t —B Ak
244 BEEMNFEL BRI 1:10, HAl
il A ] “2.4.37 50, e a2 R 3.45.6.9 mg
ST T HOREELER A AT H Y 2
i Wb — BRI  1:2 U B 3R AR B -AS
TR 11, TS S R FE LU RIVE . 452
B, B 25 E3E N, -k 42 PDI Zeta HLA L3RR
P B R IC A AR, AT 25 1 A B 3R ) 2 e TH ) [
(ks R BRI 255 4.5 me AT IR EE505
245 SHRHAIEEL DI R IRMEEEEIR L BERG -
R ¢ P 2000~ H FLIX R (DSPE-PEG2000-GA ) 4
FWAr T, EE B E N 4.5 me, HA S S
] “2.4.47 351, it b (BRI ) 23 5~ 5 R B it 2
Lb) ok 1:80,1:40 ,1:20 43 AT 48, 4%, S
Ji LU in (B 1) 43— F AR T L B3 ), SR AR
PDI & F T3, i Zeta B {7 A6 3R I 52 R R4
P PRI AT A G ) o3 S i LR e P T 2
ST EAAER N, L2 HIE IS i
PERE AR L 1:40 AT IR EE5L5
2.5 Box-Behnken Wi i A AL T 25 5544
2.5.1 SEEBTFAEER FERTHARR DN R A S
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b PR AN 2 R (A) IER L (B) A
HA IR (C)PENB LR R 3 IR 3 KFH
Box—Behnken M 7 [ P10 A6 2 3% HEA S, LIAT 25 H 4L
AR (Y)) FORBELER (V) AU 5 (V,) R
IR , B K EIE R =R b AT IR (V. Y5, Y5
R R E1 0 0.25,0.364.,0.385) I T H LR3I
Ir(Y) o WEIKF GBB0T RA R IR 12,

F1 REEKER

K- A B C
-1 40 1:8 3
0 80 1:10 6
1 120 1:12 9

252 FERG KI5 2538 B Design Expert
10.0.7 FRAXTFR 2 SEEEAR AT, DL Y XF A B,
CHtATZoemE , B4 8 R Zm mIH 572 .
Y =79.79+7.12A -4.94B +2.33C +3.67AB - 1.69AC +
1.52BC-24.57A~1628B-6.57C2, 77225 HiE(553) ,
[l AL P<0.001 , & B AR HLAT 8 28 5 2R Lm0
P>0.05, UL IR ALDLG R AT [BIH 5 PG DE R AL
()4 0.959 6, K IEHRE RE(R%dj)h 0.907 6,1
AF 2210 AT LA R 90.76% 14 i 1 (1 1 A8 S | By
L5 P By s R AR S RACK 9.44%<10% , W
BRI AERA B2 2 5 R (B A5 5 S M A 1Y LU M
R 13.588>4, it AR A4 # | 2% BH 204 0 m 115
o, A IR (A) JBARLL(B)XF Y X B 3%
PERZIN (P<0.05) , 45 N 2 Z [ 38 HAE FASIA &, HL4%

PRI R SR LA ) — RO R T IROG &R (A2 B2
C* Y P<0.05), LY TP 8 Ar %28 B K 2 10 J
T 25 2R R K 3D RICR R LK 4,

253 UFRAEE LT RARES B kR IA
JrAEAEAY #5d Design Expert 10.0.7 3RS 2 F
T4 BIS B 85.19 mg, fHG I 1:9.74, W
ffME] 6.4 min, ZEMCT ZZ50F T A5 3 ¥k, 45
S5 RN A R BT, AHX 2255 ) | e B AR 7Y
FE B4 DG PER) GA—Cur—PF-Lips 45 T. 2554
AT 4),

2.6 JrEIFEH

26,1 AP BROER  ROUE T M50 GA-
Cur-PF-Lips, SN EE I ARG R LG, E 5
B2 T AT DA AR 2R ERIE | HARH R (WA 5)
2.6.2 K5 Zeta AAIINE  HOGE AR FA, RH
Zetasizer Nano—ZS90 I0OGHL B3 M50 %2 Bg A 1)
SRS Zeta BT, 25 SR . HOE Bk 42 R
(101.1£0.25) nm,PDI 4 0.1700.011,Zeta HL{ii Ky
(0.333+0.060) mV,

2.63 RIMBEEEEE  RAEITASE S LR
575 25 B IR AV 5 GA-Cur—PF-Lips AY/441
FEREDL . HUS5 mL JE PO & T preeh A5
BB A8 T &4 100 mL B i (PBS ¥,
pH=5.0) 4N, T 37 °C.150 v/min fHIRZ , 5
MW TF05.1.1.52.34.6.8.10.12.24 hBFE 1 mL
(R b 7 R A R I ), T FER I AT 2
S, VA RS REREHCR IR TR

& 2 Box-Behnken LT A RENLER

STD A B C AR Y% TR R V% MR Y% LAATERY
1 40 1:8 6 38.96 82.34 1.168 42.65
2 120 1:8 6 45.73 86.57 0.917 41.41
3 40 1:12 6 40.95 80.21 1.088 29.16
4 120 1:12 6 43.45 88.07 0.909 42.58
5 40 1:10 3 3542 80.73 1.196 34.27
6 120 1:10 3 46.94 89.16 0.984 60.03
7 40 1:10 9 4525 79.87 1.145 40.67
8 120 1:10 9 44.68 89.74 0.993 59.67
9 80 1:8 3 39.66 88.86 1.116 62.12
10 80 1:12 3 40.25 86.25 1.043 45.50
11 80 1:8 9 48.42 89.02 1.017 65.36
12 80 1:12 9 4729 85.43 1.058 54.82
13 80 1:10 6 49.51 85.52 1.234 77.74
14 80 1:10 6 49.78 87.46 1.220 83.79
15 80 1:10 6 47.05 87.48 1.235 81.29
16 80 1:10 6 51.77 84.05 1.233 75.59
17 80 1:10 6 46.05 86.85 1.264 80.56
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Fiz 4893.05 9 543.67 1846  0.000 4 BR324 Q=( Vﬂi; CitViC)/IM
A 405.27 1 40527 1376 0.007 6 G B e 3 0o
B 194.83 1 19483 661 00369 Q 1 ’i%*f‘ﬁﬁ S r’% Vi ;Ffﬁ s it E’J%U‘\{ZIUF,\ G
c 4324 1 4324 147 02650  TEEE I IREURERT ROV 2SI EE v, R B BT
AB 53.73 1 53.73 1.82 0.218 9 BARFH ,C. 850 n IRBURERT 19 259 FE M 8 I8 Tt
AC 11.42 1 1142 039 05532 O (25 A
BC 9.24 1 924 031 05929 Pt E/Jézj%“ MR .
A2 254121 1 254121 8626 <0.000 1 ORI R BERIATZ Y TE 6 h i)
B2 1115.54 1 111554 3787 0000 5 A{BiE I BHAE ) M GA—Cur—PF-Lips H7 A9 38 A B
;; 181.58 1 18158  6.16  0.042 0 AR 24 b BOE RS 55.54%+1.519%F1
206.21 7 29.46 -
ES U 165.52 3 55.17 542 0.067 9 64.04%+2.72%, FEMWA N TR 11 (0 B AR AL 2 25 W) 1 T
HrigE 40.68 4 10.17 7, NTTTA B F GA—Cur—PF-Lips 7E 3 K B9 B [8] 4
BB 5099.26 16

C: 7 A

C: I
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B: ffg
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KAEGREAE R AN K W], GA-Cur-—

C: AR 9 B: fiEfkL
38
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x4 WIEXHER

IV Y /% Yo% Y% Y SCIME/ % Y T {E/% AR IR 22/%
1 48.83 85.47 1.239 77.02
2 46.80 87.68 1.200 77.84 80.74 2.83
3 47.92 86.81 1.238 80.51

100nm

B 5 BEREERIESE

PF-Lips H13EARBEAAT 245 H B IRSMEAFT & — 9
BRI (7353 0 Q,=57.89(1—-e ) ,r*=0.956 3;(Q.=
65.68 (1-e%),’=0.983 2), HA]Fi GA-Cur—PF-
Lips TESIYIA N BRI L

100+ //
80
< o/
w eod ¥
¥ 404 %
il
¥ 20
0 T r r .
0 6 12 18 24
mf E/h
GA-Cur-PF-Lips AR TRAEE AR
B A533)

GA-Cur-PF-Lips/I/Ajzits = JRATERT AT Y

B 6 {RINERELE (n=3)

2.6.4 WHIMMEAEL SR 2020 FR(HENRILHE
2 MY E | X GA—Cur—PF-Lips AU I PE R4 T
WAL, BUEP 4 18 K 40k 2 41, 73 i FR -5
25 SR 3 9 K N AR 2H (Cur—PF -Lips) . GA—Cur—
PF-Lips 2, 5320 9 2 X H AT 405 (41 1~6
S RPN 7 S X R, 8 S N
PEXTREAT , 9 SAF MR A X AT ) . % k22
FARIMAFRE i 2% LT AN IRE AR AR K KBS
FKIRAE S HVE T (37.040.5) CRYTEEZK
H1.3 h S WIS L AIEE SR B, IR ST T4 IR [
IFE FIER T I L MO EEETH T 576 nm
AN LR G B A, THRS IR VA MPRAR T 5%
B 45K, Cur—PF-Lips 1 GA—Cur—PF-Lips

b B RTARRAN (WSQ 2 =BT 1E QR ([ SN B
5% ,FFAESTHZGEER T LR F G el W S i)
HRIKZG 25 (WK 5), WA AT .

WM A= (A = Ap) /(A = A )x100%

LA A A S IR, A 2 BT X B IR
JCEEAE, A 2 BHPEXT BE B WG RE (A

RS> BAMXBER

i 1 2 3 4 5 6 7 8
Cur-PF-Lips /1 -1.002 -0.658 0.240 1.232 -1.775 0.773 0 100
GA-Cur-PF-Lips 41 0.1785 4.056 3.586 2458 3.042 1395 0 100

3 itig

A 5T DL R I S B A £ BN - R £
2000-H FL K R (DSPE-PEG2000-GA ) A S [1] 431,
LB A (DSPE S ) Rl A 2105 51 64 B Joi 3
532 SEB FEAR AT 25 LRGN R I A 1) 2
T, He GA it T 5 JF 9o 40 S |- = 3K Y GA
SN R Il LA e 0 e | SRk
PEG2000 K4 AT 38 i fig Jot 4 i) A M 5 1A 9 97 34
8], DT {6 AR T2 — A7 245 1 B B R B b 1) 1 [
RAEPUFIE

T VM GA—Cur—PF-Lips 2590 % A
TIF 5 I B R SRR A € s M 0 ik
T IS TR B A 9 B D vk 4y B M I Ak 5 B v R
B AU AN BRR R b b 43 B T2 BT 1k 1
B R IR] A S AR B S AT 2 i R 25 S
FARI 58S, B IRISCRAT G 2R G5 AT 5 R, %
BB TR AR 52T H LB,

AT R G 58 T i e) g o AR
Fb B 2 0 S H 2 A TR R R AR R AR
PDI Zeta HL( FRARBENAT 2541 9 bR, I 7E
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