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Preparation of nanoscale flexible liposomes in safflower
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Abstract: Objective Safflower yellow pigment (SY) nano-flexible liposome (NFL) (SY-NFL) was prepared to improve the mucosal
permeability of SY, and the pharmaceutical properties of SY-NFL were investigated. Methods SY-NFL was prepared by thin film
dispersion method. Single factor test and Box-Behken design-response surface method were used to optimize the optimum formulation
of SY-NFL, and then the forming process was optimized according to the encapsulation rate, particle size and PDI. The structure,

potential and particle size of SY-NFL were investigated. The effect of SY-NFL on the mucosa permeability of SY was investigated by
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horizontal diffusion cell. Results When the ratio of lipid to drug was 65.68:1, the ratio of lipid to cholesterol was 31.88:1, the mass
fraction of propylene glycol was 15%, and the ultrasonic speed of the probe was 8 000 r/min and the ultrasonic speed was 5 min, the
encapsulation rate of SY-NFL was (81.440 + 4.250)%, the drug loading was (1.510 = 1.450)%, and the particle size was (534.500 +
1.960) nm. The PDI was 0.110 = 0.010. After four weeks at different temperatures, the leakage rate of SY-NFL was always lower than
that of SY’s ordinary liposomes (SY-CL), and the deformation of SY-NFL was also higher than that of SY-CL. The cumulative
permeability of SY-NFL was always higher than that of SY-CL and SY. At 4 h, the cumulative through rate of hydroxyl safflower
yellow A (HSYA) in SY-NFL was 1.38 times and 1.65 times of that of SY-CL and SY, respectively. Conclusion SY-NFL can be
prepared by thin film dispersion method, which has high encapsulation rate, deformation and stability, and can be used as a nanometer
carrier to deliver SY through mucosal absorption.

Key words: safflower yellow pigment; nano-flexible liposomes; pharmacological properties; transmucosal absorption; thin film

dispersion method; Box-Behken design-response surface method; hydroxyl safflower yellow A
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NFL), i —H3 %2 SY-NFL #1277 2V 3 SO &

JEIE DL, N SY FE iv 45 2 A2 IR 71 Y ) 7 1
PR AR o
1 NEEMH
1.1 ¥&5

RE-5250 B Jie ik 28 AN, L oAb g
IKA® T25 Digital VLTRA-TURRAX 74 38 51 5 #1,,
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bR ToK COBE, 23 F8, B 15mL50 CH#id i)
KABBINFEEN B, ISR e /K10 1 h,
i 0.22 pm RWIEIEME, TR, RBEH2],
BN, T4 CTFRAE.

212 ZFH NFL Wiil#&  J7ikF SY-NFL, Ha&A
A SY.

2.1.3 SY F#EEifA (SY common liposome, SY-
CL) M4 J73%AE SY-NFL HU# %, RERMA
1,2-P4

22 HSYA EENE

221 EigKMHN AN Symmetry Cig £ (250
mmX4.6 mm, 5pum), JisIAHNHEE-Z05-0.7%5
FRIKIEWR (26 20 72), FEREWEMN: HAARE 1.0
mL/min; KK 403 nm; FEFEE 10 pL; AR
30 °C; FRIEMCELL HSYA W15, AT 3000,
2.2.2 XIS RS PRI HSYA XTI 5
148.40 mg T 10 mL &I, MARBIAH 5 mL,
PR RIFIRE S, MR EZE, 5
14.840 mg/mL [¥] HSYA SRS #E&W, BT 4 C
VKA IRAE, & H

223 MRS IGHIE B2 7R & 1 SY-
NFL2mL T 5mL &, 0 12% e T EE
REIFERRE R R LR, RIS

224 EHJEMEESE U HSYA XI5 SY-NFL
PO 25 E NFL SRS, 1% “2.2.17 T
TEREEANE, drReiEE, SRLE 1. A
NFL B 8. SY-NFL A 75 W . HSYA Xf
HER AR HSYA AR (11.05440.064)
min, VRS RRME AT, HIE ARGk i 0
T, RETTIEL BB
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IR BOE R, I RORE RO SR EE N 148.4. 296.8.
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W, 3% “2.2.17 UR AR b, 3% R
WA IR TR, DU EIR B AR AR (XD, 1§
AR ARER (V) JEATEAE RS04, 2l vt il
2, BTN Y=49.880 X—0.7168, r=0.999 1,
45 U HSYA 7E 148.4~2 968.0 pg/mL % B I
LIERR.
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1 ZZH NFL &% (a). SY-NFL i @&i% (b)-
HSYA STEB&BR () A HPLC
Fig. 1 HPLC of blank NFL solution (a), SY-NFL test

solution (b) and HSYA reference substance solution (c)
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“2.2.37 TR i ARV 15 “2.2.17 TUR
1 264 F I E HSYA VT AR, 75 RSD N 1.86%,
SER R Z LN EE TR
2.2.8 FREMEHEE 2277 TR HIAER S TR
% “2.2.17 TUNEAEXAT 37T 04 2 41 64 8. 10
h BRI E HSYA UETEIAR, 43 RSD N 0.49%, 4
F A AR S T CE 10 h WARRE M R 4.
229 fIFEEEFESE  FEEERIUEE SY-NFL,
F MR AW R HSYA & IKE 80%.
100%- 120% 5565 HE id i, % “2.2.37 TR J7 14
FAM IS, S BN R EIRE FVARCH] 3
B, ¥ “2.2.17 BUN GRS AR E e AR, THEINRE
[, 3 AN B IR B )PS5 IR RN R 99.01%,
V-3 RSD 9 1.61%, R IIZITVEBIAEREE R 4F .
23 BHE, HH=ENE

SR FH RS B 1 R SR 2 B T I A AN S 240,
HPLC 75152 HSYAS), BEAREAE W R: a) 4
SRS 2 ) 04 PR AR VR B 0.1 mL T S mL &5
OES, I 0.1 mL R HER (10mg/mL) ##
B 3min, JIA 3 mLAFEEK, T 14 800 t/min &
L» 30 min; b) K EIRTTIEI AN 12% 1 HhFz 8 X-100
IR A 3.2 mL 9L, R malE, WA,
HPLC iEil5E, 638 HSYA WM, #%:0 (1) 5
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2.4 SY-NFL HI&QHHEERER

K FH A B0 4% SY-NFL, F 5% R,
JERHLG . PO R )it 240 206 SY-NFL 3 2 f 224
R, FPE E e ) R E R R s NR 2t
501, AEMELL 20 @1, N EERE2E 15%.
241 JRZALLHFES  FREIUEMERE 24 mg. SY 20
mg, W_fEEE (FRERES N 15%), A3
K 3 mL, 73l FRBCGES I 0.200 g (RZ5EL
10 : 1), 0.400g (JEZ5LL 20 © 1), 1.000g (JEZjLL
50 1 1), 2.000 g (JEZjLL 100 © 1), 3.000 g (JEZ
B 150 @ 1D, BEMAEEE-ER 1 1. % “2.1.17
WUR J7ikd 4 SY-NFL, FHHLEARFARZA XS SY-
NFL B3 Mg m s, ERNE 1, fEE
35 RN 24 1 B 5 M 24 L B3 n e B K RN
HEZ5 N 50 & 1 I d K AE .
R1 FEHLLIERAEHE, FHBER (X+s,n=3)

R J7EM4% SY-NFL, 8RN B R &5
H6) SY-NFL fld R G 8 15em, 58 Wk 3,
IR B B R 2y b E A RS BT E
S B K JEIRN , 3 TR 2 BN 15% 0 A fs R AR .
F2 FERELLXIERAGHE. HHEEBMNEMW (Xts,n=3)

Table 2 Effect of lipid-bile ratio on lipidosome

encapsulation rate and drug loading (X £ s, n=3)

JiERELE BE % AR/ %
211 57.661+0.419 0.5710.004
5:1 57.099+0.346 0.694+0.004
10:1 68.097+1.622 0.916+0.022

201 71.462+0.834 1.115£0.013

501 12.468+0.353 0.1890.005

®3 AERESBEMERFEHE, HAHENTMN
(Xxs,n=3)
Table 3 Effect of propylene glycol mass fraction on liposome

encapsulation efficiency and drug loading (X = S, n=3)

N I HU% BE /% WARY%
10 72.930+£0.477 1.06010.069
15 83.190+0.195 1.209£0.003
20 73.4381+0.368 1.068 £0.005
25 71.1471£0.412 1.034£0.006
30 57.606+0.312 0.837+0.005

Table 1 Results of lipid drug ratio on lipossome
encapsulation rate and drug loading( X £ s, n=3)
NEZitL A3 H/% BT/ %
10:1 15.308+0.349 0.17340.083
2011 55.914+0.515 0.407+0.004
5001 71.372+1.507 0.954+0.020
100 @ 1 60.358+2.478 0.456+0.036
150 . 1 58.746+0.686 0.31440.062

242 JRMHLLHFESE  FREUBFEEE 24 mg, SY 20
mg, WG E (FRAEREN N 15%), 48
K 3 mL, 7l FREBCGEF NG 0.048 ¢ (IRHEL
20 1).0.120g (IBAHLE 52 1), 0.240 g (fiIgAHLL 10 :
1), 0.480¢g (JIEMHEL 20 1), 1.200g (JIgHHEL 50 :
D), Btk EA-gE 10 1. #% “2.1.17 TR 7k
1% SY-NFL, FFHEEAFRNEMHELXS SY-NFL £
RAEA RN, 2RNE 2, NEHAEE A

% 24 BE A AR A L A N S 38 KR N, BRZGEE N
20 1 I AR KRAE.
243 FTEFNH _EERES BRSO RIEREN

Wil 1 g, H[EEE 50mg, SY 20 mg, EF /K 3mL,
TN B R = 200 508 10%. 15%- 20%-
25%- 30%, BOEMREEE-MER 1. % “2.1.17

2.5 Box-Behnken i%3it-fn % (Box-Behken
design-response surface method, BBD-RSM) i 3%
it SY-NFL B9l TZ

PR S50 J FL IR 3R S8, e8] SY-NFL £
BRI ELZMBCRN 3 MRREA L (XD, 5
JELE () N REBE M H (X)) 3E4T 3 IR 3K
BRI ATITRE e ay g
251 W NqH] [ A AR ST K T E A s A
Design Expert 8.0.6 Trial #& it {41247 BBD-RSM ik
Wt JoK-Fomts, it S8R NE 4, BE
R ORARERIATTRER T Z 0 WAR 5.

AR RAREBAN P<0.01, RIFIRIHTE

AT RE R A B v R R P>
0.05, MR, RUNZA T E LT .
25.2 SEmd a N E st iz H Design Expert
8.0.6 AT SY-NFL 35 i RiAE /- AR B, 733
HHENAE X Xov X BRI BT G = 42 [ 1] %
H =g e e 7 B, SRR
HAERXT R ZR g SRR L 2, XfEkZE
S LS ST LA 3
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Table 4 Experimental design model and response value of response surface
il Xi X X%  BEHEY%  BAR% | Y Xi X X3/%  AEEY%  BAE%
1 50:1 10:1 20 53.8275 0.5123 10 100:1 10:1 15 47.161 6 0.468 6
2 5001 10:1 10 57.534 1 0.963 5 11 100:1  50:1 15 61.480 8 0.7152
3 5001 20:1 15 72.943 9 1.2953 12 5001 20:1 15 73.891 5 1.366 2
4 5001 50:1 20 257721 0.109 5 13 100:1 20:1 10 56.477 4 0.877 4
5 2001 20:1 20 33.158 7 0.2952 14 5001 20:1 15 78.786 9 1.945 8
6 5001 20:1 15 73.891 5 1.3288 15 2001 50:1 15 15.978 9 0.079 0
7 5001 501 10 69.562 1 12143 16 5001 20:1 15 72.662 9 1.294 8
8 100:1 20:1 20 67.741 8 0.940 9 17 2001 20:1 10 55.476 9 0.6106
9 20:1 10:1 15 44.085 8 0.405 3
#5 SY-NFLBHEMBAEHESNER
Table 5 ANOVA results of SY-NFL encapsulation ratio and drug loading
SE ‘ ([EES R _ ‘ AR/ % —
FaA B FE PIH = P BI1E F{H PlH B&EhK
Y 9 5289.70 587.74 87.65 <0.0001 #EFE 3.800 0.420 6.920 0.0092 M
Xi 1 1220.88 1220.88 182.08 <<0.0001 #&3FH 0.380 0.380 6260 0.0409 &
X 1 48.10 4810  7.17  0.0316 #MREZE 1.677X107 1.677X107  0.027 08731
X; 1 54620 54620 8146 <<0.0001 MEFHE 0.490 0.490 7.940 0.0258 &F
XiXa 1 456.61 456.61 68.10 <<0.0001 MEFH 0.060 0.060 0.990 0.3530
XXz 1 30491 30491 4547  0.0003 WEFE 0.058 0.058 0.950 0.363 1
XX; 1 490.09 490.09 73.09 <<0.0001 MEFH 0.200 0.200 3270 0.113 4
X2 1 131922 131922 196.74 <<0.0001 #E¥ 1.340 1.340 22.020 0.0022 &&=
X2 1 84120 84120 12545 <0.0001 #HEE 0.900 0.900 14.660 0.0065 #HEE
X3? 1 11526 11526 17.19  0.0043 #EF 0230 0.230 3.760 0.0936 &3
W7 7 46.94 6.71 0.430 0.061
KA 3 22.04 7.35 1.18 04221 AEZE 0.110 0.037 0470 07171 KB
R 4 24.89 6.22 0.320 0.079
MEZE 16 5336.64 4.230

HE 2. 3 AT LLEH, FEHS 1 AMEE, B
2 AR ER BAE TAE IR o A 1 6, 3 20 Rk 24 23
A 52 HLER S ISR HE N S PR A 3 (3D BIAEAE 5
e A B2 v 2 A I 1 o 550, T RE I R IR it 2
(100 IEL ]t 2 A A5 T ol AR PR B KT & T, T
oK P R ] 2 5 15 s o i A s A AR T R A 24
VIt EE o R e R TR A A AT A A S K SY-
NFL el & 20 (JEZith 65.66 @ 1, fgfHLL
31.85 0 1, N ZEEE /40 12.15%) il & ) SY-NFL
B RN 2G5 N 85.79%11 1.77%, 228 NFL
X SY HA BT I3 ZivERE .
253 IERLE M EIRRIE &, Hl% SY-
NFL 3 #it, 53 E 6, 45REFHIZA TR T
ZHEIPERLT.

26 BEBITZM

LA, Rife K/, PDI {E NH%ahr, %
SRPR SR 5 I ) R R R 2T o 5 PR S 7 A ol
4 8 000 r/min, RIS (AT SY-NFL R A2 A4
BRI R 25 R WK 7. B RS A I [E] A S min,
PR K HE 7 B ) R o AR A% RN A 3 2R 1 s ) LR
8. HHFK 7. 8 WIHN, i e S 75 st R] A 3
SY-NFL Ff 3 AR AR S50980 /N, H R 75 37 T30 S Y-
NFL .35 Z& i 5200 K 68 75 I [A) 6 SY-NFL A %
PIsem . LREHE, EaHEFE/NIEILT,
% 8 000 r/min #E 7 5 min 4k SY-NFL [kif% .

¥R 7. 8 R R, @RI FARR %
N (84.673+2.456) %, Fiff N (1235.800£3.615)
nm, PDI A 0.157+£0.314. T #&E SOEFR
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Fig. 2 Response surface and contour plot of effect of X1 and X2, X1 and X3, X2 and X3 on encapsulation efficiency of SY-NFL

92 " 60 9
Xi

3 Xi5X. Xi5X. X2 5 X3 % SY-NFL HAEX MM E S S5 E
Fig. 3 Response surface and contour plot of effect of X1 and X2, X1 and X3, X2 and X3 on drug loading of SY-NFL

Fo6 WIERIEER (Xts,n=3) Fz7 REEEREIERENER (Xts5,n=3)
Table 6 Results of verification tests (X + s, n=3) Table 7 Results of probe ultrasonic time on liposomes
s BB /% W /% (Xts,n=3)
1 85.080+1.726 1.535+1.275 R S i
2 81.010+2.495 1.529+1.987 i;i;ii LAR% AL /om PDI
3 78.23044.233 149441427 0 84.673+2456 1235.800+3.615 0.157+0.314
R IFME, SMAEMRE FiR SY-NFL 3 R4 (L% 2 81.673+2.783 1004.500+2.593 0.372+0.349
/NZERE E, FIHERSL 8 000 r/min & 5 min B, 5 813204+1.782  596.800+0.125 0.11240.432
e A IRLAE 5 PDIAE B BN # L T 25 i 10 75.063£3.568 501.20041.349 0.4580.295

HT 2, FIAZTEHEN SY-NFL, HAE %% 15 6583242569  490.400+3.569 0.327+0.312
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*8 IFABREEMERENER (X£s,n=3)

Table 8 Results of ultrasonic speed of probe on liposomes

(Xxs,n=3)
RSl ‘
IR e % /mm PDI
J#/(r-min~")

&9 SY-NFL 1 SY-CL #if2. PDIF1 ¢ BADNELR
(Xts,n=3)
Table 9 Particle size, PDI and potential determination
results of SY-NFL and SY-CL (X £ s, n=3)

Jig 5 A HA%/mm PDI ¢ B/ mV

5000  84.002+2.456 1132.000+3.238 0.518+0.129
8000  83.1381+3.109 549.650%2.673 0.2861+0.385

10000  56.128+1.481 479.300+1.250 0.21040.202
15 000 19.6181+2.348 442.200+3.460 0.2131+0.130
20 000 8.467+4.272 286.900+2.560 0.477+0.239

(81.440+4.250) %, #HZiEN (1.510£1.450) %,
K2 N (534.500+1.960) nm, PDI >4 0.110%0.010.
2.7 SY-NFL ZFIZE M4 R R

271 ZERIMEE N SY 45 e AR 5 B A
PEDCIRED JB D AL RN K I e SR ET 5 B 2R 2R 473l
TN A RTK A ] 4 SY-NFL A1 SY-CL, M &E7%
A IE O IES, LB 4. FEMRRARRK
BHERER (A2 FIIRIETEREN (A1) 8 i
WA RET (B-2) e ) 43 A1 72 BEAN AR Ak = 1]
3 i AR IRV AR ET (B-1) MIARESS S /8T
s A, BB REGRA EERI A fd SY
TERMERR AR NS A s 3 5], BARsE YRS i e
REINZ.

A-1

4 FRRSERRETHEEHREERKIRE 10X
100)
Fig. 4 Laser confocal microscopy of fluorescent probes in
liposomes (10 x 100)

2.7.2 SY-NFL 5 SY-CL (kLA § Az A H
% 9 A1, SY-NFL Lt SY-CL WiA2f§K, H PDIHE
/Ny SRERGRI AT DA AR B AT B AT BRI AR T
P H 5 T BARRAR TR bR 2 AT 38 5

SY-NFL 534.500+1.960 0.110+0.010 -13.430%+0.510
SY-CL  527.100+10.500 0.690+0.041 —10.730%0.450

2.7.3 SY-NFL 5 SY-CL [fifase P &A% 52
#%:0 3) HHEBRE, % (O HEMEXEL®
o WX R B R e M e 5 R LER 10, RE
FEXIE L 2 W) SY-NFL 2 & T SY-CL, {H
RN SY-CL BRI 100%, MAFERE
SY-NFL &R SY-CL. 4538 %£W, SY-NFL
tt SY-CL F A7 B iy () R As e M 1T Re 8 PR AR 25420 (1)
MR .

TR A (V2 26 = (WD P R 42 1) B 8 26 — 3 M o
AR 1, 8 2/ AT g A L s 2 3)

g AR (R A o3 oS 2 = 1/ 12 (4)
Viy 0.8 MPa T SY-NFL i#iid 0.45 pm SAFLUEME 1 383 3
J¥, V225 0.8 MPa F£E SY-NFL 7£ 5mL /K1, i#id 0.45 um
DL IR B P i i 5

%10 REX SY-NFL #1 SY-CL F&E 14 & 14 B B2 0
ZR (X+s,n=3)
Table 10 Effect of temperature on stability of SY-NFL and
SY-CL and its deformability (X £ s, n=3)

e BIRE Y% biEppeiu
JiIEPDREN N N .
25 CHE 4 4 CitE 4R HR /%
SY-NFL  89.25041.980  13.370%2.360 3.640
SY-CL 97.580+2.370  68.490+2.850 2.920

2.8 BRER R
28.1 BEEKE/DMHEEERH & B SD KK, Bk
W o BAS /N K /N B Ja R P A 3 2R K i g T
#, BT 4 CryAsihKkh&H.
2.8.2 BEMERAL SHOCERERY, TRt
AN SY-NFL F1 SY JRAEI 2575 % SmL, 7E#:
Wt N 18 mL A= 28 R KA AR . 40 il T 52
IFHE)E 0.5 1. 2+ 3+ 4 h BURE 2 mL, FFhnAZE
M 37 CHA MEGR, FERZ 0.45 um JENE
JEit, FIH HPLC T 403 nm Fill5E HSYA K& &,
HE 3R, %A (5 HHEERBEE,

BRI Z=3CV/Aet ©)
VORBEBGRIAR (mL), C B eh 254 0 Rk
(ng/mL), Ae A B A LR (cm?, A SZ36 BT 9t
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SERUE S, WTLUE TR NE RS 2 R
1, SY-NFL [ BFZE IS F 6% T SY-CL fl SY
JERIZy; 4h B, SY-NFL A HSYA [ 2 & %455
AN SY-CL #1 SY R 1.38 {1 1.65 f5. 45
REW, NFL GEBHER/KENE SY BB IEE,
T T 8 o AR A ) S R AT 3

100
T
—a— SY J5k}Z |
80 { —e— SY-CL
SY-FNL
<60 A
pra/
840
oS
M -
N /;4 :
z L
0{ %
0.5 1.5 25 35

t/h
5 SY FERZS. SY-CL & SY-NFL MZIERFUET %
Fig. 5 Cumulative mucosal transmittance of SY drug
substance, SY-CL, and SY-NFL

3 Wig

FEALE R 56, ST e R Ak 5 B
4y B 76, TRERIGTRE L T iE ik, e
BRSO B AR, o iE TR RER K,
TR Y MR R X U 5 243 0 IR A P B R T 52 i 225 SR )
HERfR 1, RS B 1 ESRVE BB A S I S 245 SY
FUHR AR 4 B ELFI A A . 25 L mT 58, Rk fa
R B SRV A B e AR R 25 2595 TER LA Ah
Kot fE s, A3 . FEE- AR (1
D 12% 4758 X-100 H AT 5, Hoh 12%
i X-100 HH BV AE DS 52 238 SY-NFL (145
MR SY, HOESBEH BTN 7518 A 2% 1t
&, HT SY ZIRFEERmECR, [iREHT 50 C
B2 AR B AR, R IHMRARI T K GRER R S
WEREE K Bt A, DRI, S BEE RS 28 R IR FE oK
HimBEE N 50 Co

JUE IR A ) % () BRL DRI 2R S, T A 3 2R 1Y
S O TG ] AN P R 43 A 1
SNSRI, o HEE TR B
TR AR IEATRER R, IR S B
HIE MR R, R0 JSURL B R Rl L2 K]
RE I s IRERE 7748 NBEE 51 A m] g S

PR KAAARRSE R, AE— 2 YE A, KPR 1Y
(e Rl ik <yl Nl Tars - {i = DN ) P T 3N
BN AR AR T (R0 1, 0E T ALK MR s Xt Y
PR Ry R 1, (B KR UL P B i 15
JiE A B RIPE RS T B TR 29BN T
AT\ BE A% 12 o i D P 7KORH R0V P e 1 gk T 164 o
Xt SY HIBEE, SR B RN A R T
BNBERE T R Al 1R oK e, i R
% 7 H AR LB B AE A R N B, Bk, SY-
NFL LB 3 fl oG OO AE  IE [ B A P — i & 7>
KRN S LSRN & AR K

TERR P25 AR 5 20, NSRBI
N IR R A RIRRE I AT Kot SY IR
PERS2SV G 28N ASSER il 45 (19 SY-NFL fefig 4
HKIETE SY WIEREHRIRIL,  HHLH ) Be2E p b
b B2 MR AR S0 p-BE 1 Ab
HE SR A I Rl BOB L A TS B HE
FLLL . AW TN BT K SY-NFL [FIRT A5
JRAAR T4 W 5 HE Bt 13 S AR v &
HIE A FFIBEE T R A 2
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