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 E: BEY HISAATTRIEAAKRL (Pae-LLCND, HERILRIRELRrE. 3% LVEER IR, KA B RIAML-
8 AL % Pae-LLCN, FHIEAZ ISR BT X Pae-LLCN AL T7 AT O0AL, FIZEATIEIE Pae-LLCN 7E 24 h 4 (1) SRR s JF
xR 2y, RABHBE. PRBESCT B SRR AT H . 4R Pac-LLCN AL AWM 407 (F127)
HH iRy (GMO) iRl 110, AJ251 Pkl RN 40 mg. BERREEZE0E (PBS) MR N 20 mL, Z4II° T30
HRIEF] 73.72%, FHAEN 14.81%, hife (170£16) nm, RS 24 h BRRIE N 72.68%. 4518 Pae-LLCN il %4 2 nf
17, TR, HRIEFNERIEM.
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Preparation of paeoniflorin lipid liquid crystalline nanoparticles and its in vitro
release
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Abstract: Objective To prepare paeoniflorin lipid liquid crystalline nanoparticles (Pae-LLCN), and to study its in vitro release
behavior. Methods Using encapsulation efficiency (EE) as index, the Pae-LLCN were prepared by spontaneous emulsification and
ultrasonic method, and the prescription of Pae-LLCN was optimized by orthogonal design. The in vitro release of Pae-LLCN within 24
h was measured by dialysis method, afterwards its morphology and particle size were studied by transmission electron microscope
(TEM). Results The optimal formulation was poloxamer-glycerol monooleate (1 : 10), paeoniflorin inventory (40 mg), and PBS
solution (20 mL). The average EE was 73.72%, the average DL was 14.81%, the size of nanoparticles was (170 + 16) nm, and the 24 h
in vitro accumulative release rate was 72.68%. Conclusion The optimized process is rational and feasible, and the Pae-LLCN has
good stability with better sustained release in vitro.
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MM, FREFAAAAE— 5 R RBRYE, FLF 259
TEAH A 5 VR IS, IR S G IR ) % 75 22
AHEF BT 285, IRRAENfE A EIK.
S PEZE 55 ) R

A W 48 oK ki Clipid liquid  crystalline
nanoparticles, LLCN) & FH— & iR & (1 4 S M I ot
PR TS PERIAE K T B FUATE i) 5 RGE S K
TEFI G 0T DX 1 P i O 2 HLBAT e B IR & A R 4
Ko 71, DR G PR SRR PR UK S 4 A T R
A, M Rets B St Cekik. SENRTEER
PSR i, AR, LLCN AR
ZPLA, Wkl & T2, MELRA AW AR
FFEENE. YR, Reeiby. Ol R
AL BEZG Y, s ik v,
Ab, TEREAR AR, RSB g 25U

h T R AR E P A D IR AR
ASER R B R FLAGVE R A B 2 AT 2t
JIE BOR KR (Pae-LLCND, K SGEMTiZ &
Pae-LLCN [, R IEA A b 77 2470
b, FEXFILARANE 51 . T2 SRR oy AT AT
WL BRI, hdk—28 (AR NSNS PPAf B85 R 4
Fhth
1 {XE5HH

KQ-500DE ZHE 75 Hyms i veas, RS
AR AT Winner801 2K Ki E 0, Hrg
TAANBRAL A G B AR5 78-1 BURE ) T i i #4
PHESS, LA SRR HIEA R A A &
A LC-20AT =R AR AN 3BT, AR 2
T 7000, JEREKFREARA.

AJEIFER IR, TR 2 R e AR,
HH>96.4%, b5 110736-201438; Aj25FF, 74
ZHNEVFRH AR AR, RS 90%, #it's
150113; Hyl e yhiRls (GMO, Ht*5 9003-11-6).
TV 407 (F127, b5 9003-11-6) ¥4 H [E 24
LA AR A A A (i
20130811). R &8 (k5 20120214) 0y H
e T Wl SRR A LK
AR R Bk
2 AEEER
2.1 HPLCEMNESHH
201 A @l Alltima™Cg HE (250
mmX4.6 mm, 5 pm); FEIAHN ZHE-0.1%BE8 K
W (14 1 86), ABViE 1.0 mL/min; A3 K

230 nm; A 25 °C, #EFEE 10 pl.

2.2 MEIIECH] AT IR RC ] A
BRREAT 20 BE R, 25 mL &,
BRI MR R ZIE, #8557, WIS EA 0.90
mg/mL 45 7 . Pae-LLCN IR HIRECH: K525
HY Pae-LLCN ¥ 0.2 mL, & 10 mL &+, Ini&
HHEEE R 15 min, A, B ERZZE, 7
5], 045 pm FFLIEREIERL, MNSREW, B, &
FHHPRNA BRG] RS % i CE 1 LLCN i 0.2
mL, & 10 mL &=iF, Id@EsHEES 15 min,
AL, MR RRZIE, $5, 045 pm fUfLIE
BEyEt, HLRuEW, RITH.

2.1.3 LREtEES BT TR IR
FHRIEBORT Pae-LLCN VA% B (il 41, HEFE
10 uL, e @kE, UL 1o RRAT 251 Sl
BA M, R R L R P .

A
—nd .VL
/\*ﬁz@ﬁ B
| ‘ ;
f\%éﬁﬁ C
B |
0 10 20 30

t/min

1 ZAHER (A SHEXRRA (B) 1 Pae-LLCN
#idf (C) B HPLC &iEE

Fig. 1
reference substance (B), and Pae-LLCN sample (C)

HPLC of negative reference solution (A), Pae

2.1.4 MR RFE R RO 20 R i &
W I EERE RS IR 36.00, 18.00. 9.00-
4.50. 2.25 pg/mL RV G, 1% “2.1.17 i
RS AFIERE 10 pL, ME A, LR (V)
XUEIREE (XD EATEPERH, 4925251 [ )7
ol Y=12 837 X—2 560.3, r=0.999 9, KHIAj2}4
H7E 2.25~36.00 pg/mL HAT RUFLMEC R,

215 RPEEFE MHEWEURTREIRE N 18.00
pg/mL A B, ISR 6 IR, BEIR 10 pL,
% “2.1.17 WEIGSAFNE AR . THROR R
FRSD 4 0.33%, KWINERREE B RAT

2.1.6 HEEMHE HUA—#t'S Pae-LLCN (fit'5



23

Chinese Traditional and Herbal Drugs 3 46 % 3523 8] 2015412 B

* 3497 ¢

2015041006 1y, K% &H 0.2 mL F 10 mL &)+,
IS AL, AR, I ELE BB ZIE, B,
it 0.45 pm JEME, HXERUEME, F& “2.1.17 DAk
P, MR ETAN, 5 Pae-LLCN A 2515 &,
H RSD 4 1.32%, KWZINEHEGIER I
2.1.7 ReEtEEg HUE-—#S5 Pae-LLCN (b5
201504100, 4% “2.1.6” T N J7 il FE W, 7
BT 0. 1. 20 4. 8. 120 24 h#E Bk 5t
ME i, et tk, £ RSD & 0.70%, K
FESAE 24 h WERSE.
2.1.8 INFEEDSARE S RS RO (1.763
mg/mL) [J[F]—Htt Pae-LLCN (Jit'5 20150410) #f
MYV 0.1 mL, % 6 4, & 10 mL &)E+, 250N
AN 0.2 mL AF 256 Ui 2, % “2.1.67 TR U7
P AR . 1% “2.1.17 TR AR 1
R, THEIFEEDSCER, 25 AT 254 1)~ 35 It ]
WCE Ky 100.25%, RSD A 1.70%, 2R J5i5EmTE
R 4f.
2.1.9 Pae-LLCN HESRMELRENWE ALK
K SOBE TN Pae-LLCN F4 3217181 1y 6 mL
Pae-LLCN T-GetfH, F LB 1 /KR4 200 mL.
I 6 mL ZEF/KETENET, Pimdl'E, 100
r/min TEIR R BEHE. BT 8 h, KB IRIPUENTE A
W1 mL, 1T 0.45 pm JEME, HPLC I i 259)
SRR IE (C ys) o BL 0.2 mL Pae-LLCN JH FFEE A, ,
It 0.45 pum JEME, HPLC W E AT 2547 B ik &
(C ), VHEAE RN 5,

AEF=[C gire X 6— C i X (200+6))/(C s X 6)

R =M/(M,+M)
M, Pae-LLCN i), M GBI T
2.2 Pae-LLCN H9%I#&

Y 100 mg GMO-. 40 mg ~j 25 T ¥ #(E 2 mL &
IK W, T AT FREX 10 mg F127 %1 20 mL
pH5.0 W22 (PBS) WWrh, AE KA.
TEBEFESAE (500 v/min) R, K5 AU ARSI 1 N
M, il [(25+£2) C1 Frekddk 4 hiE%
L, 1R EOR; WS S min (80 W, 10
R, BRRIAIRE 25 s, TR HIPIFE SLCE 0 "CKI D
L5 i, 193] Pae-LLCN 430 -
2.3 Pae-LLCN HIBEZEXE

DA Pae-LLCN (WA A EAGPR, 4% “2.2”7
Tl %% Pae-LLCN, XI52M1 Pae-LLCN il #5458 KT
R AT LR R 52

2.3.1  RIHENGTERF127 5 GMO Ji e He i 2% ¢
£ GMO & (100 mg). 9525 & 30
mg, PBS ¥ 40 mL, SEEUK VG PE F127 5 GMO
IR 1240 105, 12104 1:20, 4% “2.27
T 7% £ Pae-LLCN, I 15935 253751 4 28.08%.
42.10%- 56.35%. 32.18%. ZEFEKM, BRI
PEFF B30, ds R S 0563 K5 9 a3,
FKIETER F127 5 GMO KSR e 10 10 I’ E
Hi Ko

232 AYNATHRRIREFE S e GMO [
& (100 mg), PBS ¥l 40 mL, Z&IifIG 1A
F127-GMO &N 11 10, HCY 25F & GMO
JREDHHN 20%. 30%. 40%. 50%, % “2.27 T
il % Pae-LLCN, W13 G5 25058 46.22% .
50.92%-. 58.36%-. 38.13%. ZEHREH], ZiWHRE
TR B B 2 H G, 7E 40% I A 3585 K
233 SrHUHHERESE [ E AT 2 Bk
# 40 mg. GMO 100 mg, K [EYER] F127 5 GMO
FFELE 10 10, EHC pH 5.0 PBS WU 20 10
20, 30. 40 mL, F% “2.2” Iji#l4% Pae-LLCN, il
AR BN 30.42%- 71.23%- 60.36%- 51.28%
SERLRW, A HOH A 20 mL IR A
24 EXRIFITAL Pae-LLCN &7

FE LR 25 5256 25 82 (1) 3 L, RO Pae-LLCN
BB RN BE 3 AR KRR AR )
AJIHRCRHE (A, RIEYER] F127 5 GMO Jit
(B, HHHE (O, FAKHERE 3 K
F, BRI 2K WE 1, 23t g g 1, J5
ot ai R 2,

& 1 a3 ARESP, SRENE-HER
¥R A>B>C; Jr 2R, A (AJ2FEcE
&), B (F127 5 GMO i lt) A FEEm K,
A EEN (P<005), Hm&MEmEdT N
AsB,C,, RBIF127 5 GMO Fialbly 11 10 CRARH
5N 104 100 mg), ATZyTFHklE 40 mg, 4
HUAH (PBS %) H&# 4 20 mL.

2.5 WESKIE

FEIOUA I A J7 7R 2% 3 #HE (A5 20150410,
20150420 20150430) Pae-LLCN (F127 5 GMO
FiELl 1010, 225125 40 mg, PBS %K 20
mL), Jll5E 3 it Pae-LLCN ({403 K551 4 75.23%.
72.50%- 73.42%, “FIIEFEN 73.72%, RSD K
1.90%, SIME R, R T 2H8E 04T,
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%1 PaeLLCN &7k L3*) EXRWRITRER
Table 1 Ly(3*) orthogonal design and results of Pae-LLCN

prescription optimization

KRS A% B C/mL D (FH) wiH%/%
1 20(1) 1:20(1) 20(1) (1) 40.16
2 20(1) 1:10Q2) 30(2) ) 53.03
3 20(1) 1:5@3) 40(3) 3) 45.05
4 30(2) 1:20(1) 30(2) 3) 50.62
5 302) 1:10(2) 40(3) (1) 62.23
6 302) 1:53) 20(1) ) 55.83
7 40(3) 1:20(1) 40(3) ) 60.35
8 40(3) 1:10(2) 20(1) 3) 76.51
9  40(3) 1:5(3) 30(2) 1) 65.56
Ky 13824 151.13 17250 167.95
K, 168.68 191.77 169.21 169.21
Ky 20242 16644 167.63 172.18
R 64.18  40.64 4.87 423

R 2 Pae-LLCN B MUERREHENT
Table 2 Variance analysis of orthogonal test for Pae-LLCN

prescription optimization

JIZERIE BZEPM HME FE BEE
A 687.117 2 218479 P<0.01
B 280.846 2 89.299 P<0.05
C 4.115 2 1.308

D (R %) 3.145 2

Foos(2,2)=19.00  Fooi(2, 2) = 99.00

2.6 Pae-LLCN BI275. fufR. BHERBHA=EW
i E

Y Pae-LLCN I& &, FHZM/KMRE, i 0.45 um
JEIE,  FOGRLEE A E HoRi4E 2 (170£16) nm
T, WK 2, Z0EdE5Ch 0.18910.011, Zeta
A A (=38.645) mV. % “2.1.9”7 TR 5 ikl &
Pae-LLCN i Z KA &, 45R /R Pae-LLCN
(P LA %R 73.72%, #2450 14.81% . H{ Pae-LLCN
TN 28 TR FRRE , W INAE 7 s i B A Y b, T
TG TS S HBIIE F, Pae-LLCN iy A/ —
A B 5 e R EROE KL, LI 3.
2.7 RINEERLE N E

Sk I7E", L pH 5.0 1) PBS KRS
JBL, % Pae-LLCN JEAT AN 25105 o 5 2% WL 5 mL
Pae-LLCN, BT CURBREFIENT RS, IAZ] 100
mL B i, 137 C/KMELL 120 t/min Zh7&8i%E
M, 2 0IFE 0.50 1. 1.5 2. 3. 4. 5. 6. 8. 10,

\

‘//\.

| 10 100 1000 5000
Fif/mm
El 2 Pae-LLCN RY%I{Z 9 Bl
Fig. 2 Size distribution of Pae-LLCN

3 Pae-LLCN ESTHER
Fig. 3 TEM photographs of Pae-LLCN

12, 24 h W 1 mL BT (R A In&E &, [
IR 50D, HPLC yEI AT 25 11 ik %

TH Pae-LLCN (1) BRVRE IR . Hill# AT 25 1 /K
(T2 R E L Pae-LLCN HIAIY), %
IRTTEAHRR E 2 BRI (K] 4). Z R
KINTEEZY) 8 h B EHITIAS] 100%, 1M Pae-
LLCN 24 h BRI A 72.68%, B F %1,

FIHAT 2K Pae-LLCN Ji HAT — € 2B RN

100 - -

BRI %

4 Pae-LLCN FIRTZHEHRIBRBEMME L (n=3)
Fig. 4 Accumulative release of Pae-LLCN and paeoniflorin
solution (n = 3)

FKHZEY . —2%. Higuchi BRI T 5 A
SEBEA B IATIO G . SRR R )
TIRE Y=2.664 9 t—20.286 (r=0.898 1); —ZJjF%
Y=-0.050 2 t+4.4056 (r=0.968 4); Higuchi J5 %
Y=14.827 1?+5.143 9 (r=0.989 2), MNI5FERIAH
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KA r H0I 51, Pae-LLCN [K4A4MBE 25 L Higuchi
FERLAU A B i o
3 e

SCHRIRIEDY, ATEAEIRTE A N RRE,
B, M R4 T, Hogh
IR, FELLE T IRAAA{E. ~AJ2511/E pH 5.0
PBS ¥ IR A R ds R, WG +E pH 5.0 PBS Wl
Y R 7K AH 4% Pae-LLCN FIARSMNEEIAN i .

H FLALTE & T3 1) Pae-LLCN RLA% M 43 i g
K, KT HFAFENRAZRN] Pae-LLCN, AHFFTIERE
A FUAVEIE S B PR AR % Pae-LLCN.  TIHASS &
L, R S B Pae-LLCN LB KL mi
Ko LB A, 8RR K& S5
Zipitte,  ELE I K S SRR REE BT
SR GMO M, BINmes, mAFH
FLEFRR IR s 1 R N TROR R, IUAS A& ELSRAG 4R
INKIAEIIAT ) Pae-LLCN. [Alt, ASHIFFT 635 1] oy
R TR TR A5 5 min (80 W, 10 ¥, BEVRJAIRE 25 's),
TF) 588 30 PR S BSOS O °C KAy PN 92 L 1) T v A
RIS IERIA2 ) Pae-LLCN.

DA Pae-LLCN (M 5 4485, 12 LR 3
EASREG 2555, fifk Pae-LLCN Ak Ty, 256
SRR, REVEYER F127 HE M, fEx
IR E N PR, ATEERE F127 £
W] 2 5 I8 O A G A R A BT SR A B 4
i, WS E LLON S5 Bk sl S A AR
EEy/E e s e DI ROk Bl N e NI SR
A RESE A 25 %F LLCN [ g Aoy 1 )2 S5 M 5
M, S8 LLCN fRAAR . EoH e — e [
X LLCN A3t 2847 Wl 2 (R 56 00 o 70 iR H /b,
LLCN AL s, FEMASRE, etk M HE
%, WM, P iltis. PULBTfS Pae-LLCN At
J7 Jeifilee TEEHAAT, Roetkly, Ad—2rE
W AR 8258 T R A kAl
S 3k
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